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PREFACE. 



The present work is intended to supply Elementary 
Teachers, and Students of Engineering, with simple, 
and at the same time demonstrative, expositions of the 
great leading principles of Practical Mechanics and 
Natural Philosophy. With the view of* rendering the 
subject available for elementary instruction, the demon- 
strations are, for the most part, conducted on purely 
arithmetical principles; and numerous problems are 
given throughout the work as exercises for the pupil. 

I have consulted the able writings of Poncelet, Pam- 
bour, Morin, and Whewell ; but the chief source of my 
information has been ^^ The Mechanical Principles of 
Engineering and Architecture," by Professor Moseley, 
— indeed not a few of the subjects explained in the 
present volume, were adopted in consequence of the 
suggestions of this distinguished mathematician. Those 
who wish to pursue the subject farther, must study the 
great work just referred to. 

Without affecting any great claim to originality, I 
flatter myself that the scientific reader will here and 
there find something like new applications of the prin- 
ciples of WoEK. The formula which I have given for 
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finding the centre of gravity of an arch, cannot fail of 
meeting with the approbation of practical engineers, on 
account of its precision, and the labour which it is cal- 
culated to save, in determining the equilibrium of the 
arch ; and I may also venture to say, that the simple 
and arithmetical form given to many difficult problems 
on WoBK, especially those on the Steam Engine, will 
merit the attention of teachers, and students of engi- 
neering. 

If this work should prove, — as it is designed to be, — 
a useful contribution to the educational writings of our 
times, it will afford me the highest pleasure, as it will 
give me the proudest recompence. 

. ., T. TATK 

• ' . . • % f 

Battersea^ Feb. 1847. 
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PRELBnNARY IDEAS ON WORK 

1. A horse, or any animal, does work when he moves with 
a loaded cart, or when he gives motion to any kind of machi- 
nery. A steam engine does work when it is used to lift 
water, or to drive a train of carriages along a railway, or to 
do in fact any sort of labour for which animals are employed. 
A man may work with his mind as weU as With his body,— 
when he works with his mind he performs intellectual labour, 
or the work of a reasoning being, — when he merely works 
with his body he performs physical labour, or mechanical 
work, which could be done quite as well by a steam engine 
or any other labouring agent. It is only the latter kind of 
work that wiU be considered in this treatise. 

Now it will easily be understood, that whenever mechanical 
work is done, there is a pressure or resistance exerted, and a 
certain space through which that pressure or resistance is 
exerted. Thus, when a carpenter saws a piece of timber he 
applies a pressure to the saw, and this occasions a resistance 
on the part of the timber to the motion of the saw. Now, 
whatever may be the pressure applied to the saw, if it were 
not moved, there would obviously be no work done, and on 
the other hand, if the saw were moved without any pressure 
being applied to it, there would also be no work done. When 
a man carries a weight up a ladder or staircase, we say that 
he does work ; but if he stood still with his load, then, 
although he would sustain the same pressure, yet he would 
not do any work. Hence, in order to have work performed, 
we must have not only pressure, but that pressure must be 
sustained through a certain space. It is easy to form a rude 
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idea of the comptirative quantity of work whidb. two labouiv 
ing agents might perform: — thus, if two men were to cany 
the same weight of material to the same height, then they 
would do the same work ; and if the one were to carry one- 
half the weight to four times the height, then he would do 
twice the useful work of the other. But it is necessary that 
we should have some more definite means of estimating work 
than such methods of calculation afford. 

As we measure a distance by the number of times that some 
unit of length, such as a foot or yard, is contained in the 
proposed distance ; or as we express the weight of any sub- 
stance by the number of times that some unit of weight, as a 
pound or a cwt., is contained in the proposed weight ; so we 
must &X. upon some unit wheroby to express the amount of 
labour or work which any a|^ent may perfbrmi. Now the 
measuring unit must always be of the same sort or kind as 
the thing to be measured : thus we measure length by a unit 
of lei^th, surface by a unit of surfaces, weight by a unit of 
weight, and so on. The measure of work, therefore, must be 
some unit of work. 

UNIT OF WOEK 

2. The unit of work used in this country, is the labour 
requisite to raise one poimd through the space of one fooL 
Thus, if a man take a pound weight in his hand and raise it 
one foot, he will perform one unit of work ; if he raise it two 
feet, he will perform two units of work ; and if he raise it 
three feet, he will perform three units, and so on. Now if 
he take a four pounds weight in his hand, and raise it five 
feet, he will perform twenty units of work, because in raising 
one pound five feet, he will perform five units ; therefore in 
raising four pounds the same height, he will perform four 
times five units, or twenty units. Here then we observe, 
that in order to obtain the work expended in raising any 
body, we multiply the weight of the body in lbs. by the 
vertical space in feet through which it is raised. 
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As resistances and pressii]?es of every kind maybe ^xpiressed 
in pounds, it follows that the unit q£ work here laid down will 
measure ev&cj kind of wc»rk. It will also a!ft^wards be seen 
that a unit of work is done whenever one lb. pressure is 
exerted through a spaee of one foot, no mattar in what direc- 
tion that space maj He. 

Exatnples. 

Ex. 1. Required the units of work expended in raising a 
weight of 60 lbs. to ihe height of 23 feet. 

Units of work in raising 1 lb. 23 ft. s=2S. 

„ €0 Tbs. = 60 times 23 = 1380. 

Ex. 2. "Die ram of a pile engine weighs 7 cwt., and has & 
fall of 23 feet ; it is required to find the work performed in 
raising the ram. 

Weight of the ram in lbs. = 7 X 112 = 784 lbs. 

Units of work in raising 1 lb. 23 ft. = 23. 

„ 784 lbs. „ = 784 times 23 = 18032. 

Ex. 3. Required the work as in the last example, when the 
fall =;: 19 feet, and the ram =14 cwts. Ans. 29792. 

Ex. 4. How many units of work would be required to raise 
4 cwts. of coals from a pit whose depth is 70 fathoms ? 

Weight of coals in lbs. = 4 x 1 12 = 448 lbs. 

Depth of the pit in feet = 70 x 6 = 420 feet. 

Work in raising 1 lb. 420 ft. = 420. 

„ 448 lbs. „ = 448 times 420 = 188160. 

Ex. 5. Required the work, as in the last example, when the 
weight = 3 cwts., and deptb 25 fathoms. Ans. 50400. 

Ex. 6. If the weight of a man be 140 lbs., and if he ascend 
the perpendicular height of 50 feet, how many units of work 
would he perform ? 

Here the weight raised is in the man's body= 140 lbs. 

.\ Wort =140x50 = 7000. 

If the man were then to descend by a basket, it is evident 
that he would perform the same work upon a counterpoise 
weight, which he had done in ascending. 

B 2 
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Ex. 7. How much work would be required to pump 3000 
cubic feet of water from a mine whose depth is 160 fathoms? 
Here the weight of a cubic foot of water is 62*6 lbs., then, 

Weight of water = 62-5 x 3000 = 187500 lbs. 

Depth of the mine in f t = 160x6 = 960 feet 

/. Work = 187500 x 960 = 180000000. 

£x, 8. Eequired the work, as in the last example, when the 
cubic feet of water = 250, and the depth = 36 fathoms. 

Ans. 3375000. 

JEx. 9. If a horse draw 104 lbs. out of a well, bj means of 
a cord going over a wheel, moving at the rate of 2^ miles per 
hour ; how manj imits of work will he perform per minute? 

Space moved over per min. = ^^ — = 220 ft. 

/. Work per min. = 220 x 104 = 22880. 

£x. 10. Required the work, as in the last example, when 
the weight =130 lb?., and the rate = 3 miles per hour. 

Ans. 34320. 

3. When considerable distances are measured, we use a 
higher unit than that of feet or yards; so, in like manner, 
when the work is very great, it is found more convenient to 
adopt a larger unit of work. Now Watt estimated that a 
horse could perform 33000 units of work per minute ; this 
work therefore is called a horse power. It will now be easy 
to express work done, in a given time^ in units of a horse 
power, and conversely. 

Ex. 1. How many horse powers would it take to raise 1 cwt. 
of coals per minute from a pit whose depth is 200 fathoms ? 

Weight of coals in lbs. = 112 lbs. 

Depth of the pit in ft. = 200 x 6 = 1200 ft. 

As 1 12 lbs. of coals are raised every minute, 

.% Work done per min. = 112 x 1200 = 134400. 

Now a horse does 33000 units of work in this time, there- 
fore as many times as we can take 33000 out of 134400, so 
many horse powers must we have, that is. 

Horse powers, or H.P. = '^^V = ^'07 
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Ex, 2. Required the H. P., as in the last example, when 
the weight = 5 cwts., and depth = 160 fathoms. Ans. 16*2. 

JEx, 3. How many H. P. would be required to raise 2000 
•cubic feet of water per hour, from a mine whose depth is 180 
fathoms ? 

Weight of water in lbs. = 62-5 x 2000. 

Depth of the mine in ft. =3 180 x 6. 

,-«. , . 62-5x2000x180x6 

A Work per min. = ^ 

A J TT -D 62*5x2000x180x6 ^^ ^ 
-^d H. p. = 60x33000 = 68-1. 

Ex, 4. Bequired the H. P., as in the last example, when 
Ihe number feet = 2500, and depth = 86 fathoms. 

Ans. 40-7* 

Ex. 5. A Winding engine is moved by two horses, what 
w^eight of coals will be raised per hour from a pit whose depth 
is 50 fathoms ? 

Work done by the horses per hour = 33000 x 2 x 60 = 
5960000. 

Depth of the pit = 300 feet. 

Work in raising 1 lb. of coals = 300. 

Now as 300 units of work go to raise 1 lb. of coals, there- 
fore as many times as 300 can be taken out of 3960000, so 
many lbs. must be raised in the given time. 

.•. Number lbs. raised per hour =  ^^^ = 13200 lbs. or 

5*9 tons. 

Ex. 6. Bequired the same, as in the last example, when 
the engine is moved by 3 horses, and the depth is 40 fathoms. 

Ans. 11 '04 tons. 

Ex^ 7. In what time will an engine, capable of performing 
the work of 8 horses, raise a ton of material from the depth 
^f 170 fathoms? 

Work of the engine per min. = 33000 x 8 = 264000. 

Work in raising 1 ton = 2240 x 170 x 6 = 2284800. 

Here, as the engine does 264000 units of work every 
minute, therefore as many times as we can take this number 
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out of 2284800, so many minutes will be taken in raising one 
ton, that is, 

Number min. to raise 1 tcm = V/AVo^ ^ ^*^ ^^* 

Ex. 8. Required ihe same, as in the last ezamjde, when 
the H. P. = 7, and depth = 47 fathoms. Ans. 2'7 min. 

JEx. 9. How many cubic feet of water will an engine of 20 
horse powers raise per hour from a mine whose d^th is 80 
fathoms? 

Work done per hour = 33000 x 20 x 60. 

Work in raising 1 foot of wat^ s= 62-5 x 80 x 6. 

/. Nmnber ft. raised per hour = -^tt c^ ^^^ ^ = 1320. 

*^ 62*5 X 80 X 6 

JEx. 10. When the H. P. = 34, and depth mine = 72 
fathoms, required the same, as in the last example. 

Ans. 2493. 

Ux, 11. From what depth will an engine of 5 horse powers 
raise 4 tons of coals per hour ? 

Work done per hour = 33000 x 5 x 60. 

Work in raising 4 tons of coals 1 ft. = 2240 x 4 x 1. 

A Number feet in depth = — 2240 x 4 ^ ^^^ ^^ 
JEx. 12. An engine is observed to raise 3 tons of material 
per hour from a mine whose depth is 120 fathoms ; it is re- 
quired to find the horse powers of the engine, supposing i of 
its work to be lost in transmission. 

,^ , , . 2240x3x120x6 QnaAf\ 

Work done per min. = ^ = oUo^a 

Now only f of the work of the engine go to raise the 

material. 

/. Useful work of one H. P. per min. = | x 33000. 

^^^^^• = 1x33006 = ^^^- 

Ex. 13. Required the same, as in the last example, when 
the weight = 5 tons, and the dqpth = 210* fathoms. 

Ans. 8-9. 

Ex. 14. What must be the horse powers of an engine 
working for 10 hours per day, to supply 3000 famiUes with 
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80 gallons of water each per day, si^yposing the water to be 
raised to the mean height of 70 feet ? 
A gallon of water weighs 10 lbs. 

.-. The water pranped per nnn. = ^J"^ = 460 gals. 

/. Weight ^ „ 400 X 10=4000 lbs. 

-rj T> 4000 X 70 o . 

^' ^' = " 83000 ==^*^- 

Ux. 15. Eequired the same as in the last example, whea 
the time = 8 hours, number fazmlies = 5000, number gal- 
lons = 40, and the mean height = 60 feet. Ans. 7-5. 

JBx. 16. Bequired the horse powers of an engine which 
pnmps water from three different leyels, whose depths are 
40, 70, and 90 fathoms respectmlj ;; &om the first 20 cnbie 
feet of waler are raised per misnte, €toni tibe second 10 fee^ 
and from the third 35 feet. 

Work per min* in the 1st ler^ 3=8 62-5 x 20 ^ 40 x 6. 
„ „ 2nd „ 3K 62-5 X 10 x 70 x 6. 

,, yy 3rd ,,. =» 62*^ X 35 X 90 X 6, 

/. Total work per min. = (20 x 40 + 10 x 704 35 x 90) 
€2-5 X 6. 

.%H.F.=: ^^^;,^^'^ =^52'8. 

93000 

Eic. 17. Eequired the same as in the last example, wh^i 
the d^ths are 20^ 50^ and 70 fathoms, aad ti»e water raised 
from each, d€^ 20, aad 10 eolao feet. Ans. 26*1. 

Ex. 18l Required the horse powers of the engine working 
the pun^s, in the last exan^te^ supposing ^ of the work to 
be lost in tvansmiBsion. An$^ 2Q'2* 

Mx. 19. How many <2ttbic feet ef water will an engine of 
12 horse powers pniap» per hmry f'om a pit whose depth is 
40 fathoms, allowing thait ^ of thew<Hrk of the engine is 
destrojed by nselesa resistances ? Am. 1056. 

Ex. 20. There were 4000 cubic feet of water in a mine 
whose depth is 60 fathoms, when an engine of 70 horse 
powers began to work the pump ; now the engine continued 
to work for 5 hours before the mine was cleared of the 

B 4 
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water ; required the number of feet of water which had ran 
into the mine per hour, supposing ^ of the work of the 
engine to be lost in transmission. 

Effective work of the engine in 5 h. = 33000 x 70 x 60 x 
5xJ. 

Work in raising 1 ft. of water = 62-5 x 60 x 6. 

33000 x70x60x5x2 



Number feet of water pumped = 



62*5x60x6x3 

20533. 

/. Water run m during 5 h. = 20533—4000 = 16533 ft. 

„ „ lk=i^^ = 3306ft. 

Ex. 21. A forge hammer weighing 2 cwts. makes 60 Hfts 
per minute, now the perpendicular height of each lift is 2^ 
feet ; it is required to find the horse powers of the engine, 
giving motion to the hammer. 

Weight of hammer in lbs. = 1 12 x 2 = 224 lbs. 

Work in each lift = 224 x 2^ = 560. 

Work in 60 lifts, or per min. = 560 x 60 = 33600. 

••• H. p. =S = 1-02 nearly. 

Ex. 22. Required the same as in the last example, when 
the weight of the hammer =10 cwts., number of lifts per 
min. = 70, and height of each lift = 3 ft. Ans, 7*1. 

Ex. 23. What must be the weight of the hammer in the- 
last example, when the horse powers of the engine = 4 ? 

Ana. 5*6 cwts. 

Ex. 24. An engine of 5 horse powers raises 30 cwts. of 
coals per hour from a pit whose depth is 240 fathoms, and 
at the same time gives motion to a forge hammer which 
makes 2S lifts per minute, each lift being 3 feet ; it is re* 
quired to determine the weight of the hammer. 

Work done by the engine per min. = 33000 x 5=165000. 

ixr 1 • • • 1 • 30x112x240x6 o/^^>l/^ 

Work m raismg coals per min. = — = 80640. 

.•. Work in raising hammer per min. = 165000—80640 
s= 84360. 
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Work per min. in raising 1 cwt of the hammer = 112 x 3 
X25- 8400. 

.% Number of cwts. in the hammer = -^:;7;p: = 10 cwts. 

o*tU0 

Jo — 
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4, The labouring force assigned, by Watt, to a horse has 
been found by more recent experiments to be considerably 
too much ; the number 22000 appears to be about the work 
a horse of average strength will perform per minute ; how- 
ever, the number 33000 is still retained by engineers as the 
unit of a horse power. It is also important to observe, that 
the labouring force of animals varies very much with the 
manner in which their muscular strength is exerted ; and 
also, with the rate at which they labour. 

5. The following table (chiefly taken from Morin's Me- 
chanique Pratique,) shows the greatest amount of effective 
work which a labourer will perform imder the different 
modes in which he exerts his muscular power* 

Work done hy a Man per Minute^ 

Duration of labour 8 hours per day. 

Raising his own body 4250 

Working at the treadmill 3900 

Drawing, or pushing horizontally 3120 

Pushing and drawing alternately in a vertical direction 2380 

Turning a handle 2600 

Working with his arms and legs as in rowing 4000 

Duration of labour 6 hours per day. 

Raising material with a pulley 1560 

Raising material with the hands 1 470 

Raising material upon the back and returning empty 1 126 

B 5 
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Duration of labour 10 hours per daj. 

Raising materials with a whed-barrow on ramps 720 

Throwing earth to the height of 5 feet 470 

Useful work of a man, in raising water, by different 

engines-^ 

Duration of labour 8 hours per day. 

With a windlass from deep wells 2560 

„ An upright chain pump - 17S0 

„ A Tread-mill 317ft 

^ A Chinese idieel 2167 

„ An Arehimedian screw 150& 

Raising water from a well, with a pail and rope 1054 

Work ofBetuts. 

A mule win perform § the work of a horse, and an ass 
about ^. In a commoi^ pumping engine a horse will do 
17550 useful units of work per minute. 

These statements maj suggest to practieal men man^ 
inquiries relative to the economy of labour. 

Examples. 

Ex. 1. How many cubic feet of earth, weighing 100 lbs. 
per cubic foot, will a man throw to the height of 5 feet in a 
day of 10 hours long ? 

Work per day = 470 x 60 x 10. (See table.) 

Work in raising 1 c. ft. = 100 x 5. 

100x5 

£x. 2. How many bricks will a man raise in a day of 6 
hours long to the mean height of 20 ft., allowing that the 
weight of a cubic foot of brick is 125 lbs., and that 17 bricks 
form a cubic foot ? 

No. Bricks = "'V.fl^"" = 275& 

125x20 

Ex. 8. How many cubic feet of water will a labourer 
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wcnrkkg wiiJi a pail and rqpe, raise firom a weU wliose depth 
is 20 feet ? 

no. C. It. — 2Q ^ gg.^ - 4U* /. 

Ex, 4. Bequired tbe saioe, as in the last example^ when 
the labourer works at the ehain jrasapk 

XT A. 1730x60x8 4j/?j^ o 
^"- *'• ^ = 20,. 62-5 = «^ 3- 

Ex. 5, How many tons of material would a labourer, 
working at a tread-miK, raise in a day of 8 hours> from a 
depth of 80 feet ? 

Work done per day = 3900 x 60x 8. 

Work in raising 1 tcm = 2240x80. 

.-.Na tons = ^^^^^^3^ =10-4 

Ex. 6. What weight will the labourer, in the last e:]tampl^ 
raise per day, when working with a pulley ? 

XT X 1560 X 60 X 6 o t 

No- tons = -22401^80- = 3-1 

Ex. 7. How many cubic feet of water will a man raise, 
with a common pump, in a day of 8 hours, to the height of 
50 feet, allowing that he can perform, in this case, 2600 
units of work per minute ? Ans. 399'3. 

. Ex. 8. How ma&y tons of coals would a man raise, 
working with a wheel and axle^ fran a p^ whose depth ia 
2S fathoms ? 

■w-. * - 2600x60xS -»^ 
2240x25x6 

Ex. 9. How much per ton must the labourer, in the last 
example, receive, so as to yield him 2^. 6d. per day ? 

Ans. Sd, 

Ex. 10. What would be the cost per ton,, in Example 8., 
when the material is raised hj a horse, allowing 8^. per day 
for the horse and driver,, and that the horse performs 22000 
effective units of work per mdnutey working for a day of 8 
hours ? Am* 3d.^ nearly, 

B 6 
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Ux. 1 1 . What would be the cost per ton, in example S., 
when the material is raised by 2 asses, costing 3«. per day ? 

Ans, 2%d» 

Ex. 12. How many strokes per day will two men, work- 
ing at a wheel and axle, give to the ram in example 2^ Art. 2. ? 

Work per day = 2600x60x 8 x2. 

Now the work in 1 stroke = 18032. 

.-. No. strokes = ^"^^^^^''^ = 138. 

6. To compare the traction of animals tvitk the rate at 

which they traveL 

The traction, or force with which animals pull, decreases 
with the increase of speed. The following table, given by 
Tredgold, shows the relation of speed and traction of a 
horse. 

Bate in miles per hour. Traction in lbs. 

2 166 

3 125 
3^ 104 

4 83 
4^ 62^. 

5 41f 

The relation exhibited in this table may be generally ex- 
pressed by the formula, t = 250— 41|- r, where t is the 
traction in lbs., and r the rate in miles per hour. From this 
formula it appears, that a horse will do the greatest amount 
of work when he travels at the rate of three miles per hour. 



WORK IN OVERCOMING THE RESISTANCE OF 

FRICTION. 

7. When a body is moved slowly along a horizontal plane, 
the resistance to be overcome is due to friction. It has been 
found by experiment that this resistance, on a given surface^ 
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is a certain proportional part of the weight of the body ; and 
that it is not affected by any change in the rate of the body's 
motion, or the extent of the ruhbing surfaces. 

When a cart ia drawn along a tiery good McAdamized 
road, the resistance of friction is about ^ of the whole load, 
or abont 74 lbs. per ton ; eo that a horse, in order to draw a 
ton along such a road, must pull with the force of 74 lbs. 
Tliis is called the traction of the horse. A carriage upon a 
railway only requires a pressure of -^ part of the weight 
to give it motion, or about 8 lbs. per ton. The fractions ^ 
and y^ are called the coefficients of frictions. As tiie 
rubbing surfaces become smoother, these coefficients become 
smaller. 

I^t w be a weight drawn upon 
the horizontal plane h &, by means 
of a weight p attoched to a cord 
going over the wheel c ; then the 
weight p, just necessary to draw w 
along the plane, will he equal to 
the resistance of fiiction. If w he I ton, then, in the case of 
the ruhray, p will be 8 lbs., and if w be 2 tons, p will be 2 
times 8 lbs., or 16 lbs., and so on. Now, whatever distance p 
descends, the weight w will be drawn along the plane the same 
distance ; hence the work done upon w will be the weight of 
p in lbs. multiplied by the distance in feet through which it 
descends, — or, what is the same thing, — the resistance of 
friction in lbs. multiplied by the space in feet over which w 
is moved npon the plane. 

8. The work applied to a machine is consumed by the work 
done, or the useful work, together with the useless work, or 
theworkdeatroyedby the friction of the parts of the machine. 
When the work applied exceeds the work consumed, the re- 
dundant work goes to increase the speed of the parts of the 
machine, which thus act as a reservoir of work. This motioa 
will go on increasing until the work of the resistance and the 
useful work are together equal to the work applied, and then 
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the motioa of the macMii^ wiH become imifodrm. Thvts^ in a. 
railway carriage at &ra^ the work of the engine exceeds the 
work of the resistances^ and therefore the e^eed of the engine 
goes on iilereasing; but, as ^e speed inoreasea^ the work of 
the lesistanees also ineveaaes^ so thai at ki^j^ the engine 
attains a nearfy umf(»m motion^ which is eslled the greatest 
or ma^ciniBin speed, and then the work destrojred bj the re- 
sistances wil be exactly* equal to the work apf^ed by the 
moTing power. It is on this prnMiple that the following 
calcnilatioiks are made^ 

Work in moving a carriage upon a horizontal plane, 

Ex. 1. What most be the effective H. P. of a locomotxTe 
engine^ widadKinafvea at the steady speed of 30 miles per hour, 
upon a levd tob^ tiie weighiof tiie train being ^ tomsi. and 
the frietxoa 8 Ibaw pee tcn^ the resistance of the atmosphere 
being neglected? 

Besktsnee of fiietioit = a X 50 = 40a Ibsi. 

Distance moved in ft. per min. = — ^- — = 2640. 

GO 

Work of friction per min. = 400 x 2640. 
Now, as the speed of the train is uniform, the work of the 
resistances will be equal to the eiSfective work of the engine. 

-. TT -D. • 400x2640 no, 

A ttRengine = -^35— -=32. 

Ex, 2. Required the same as in the last example when the 
speed = 50 miles, and the weight = 60 tons. Ans, 64. 

Ex. 3. At what rate, in miles per hour, will a train of 80 
tons be drawn by an engine of 70 H. P. ? 

Work done by the engine par hour = 70x33000 x 60. 

Work consumed in moving the train 1 mile = 8 x 80 x 
5280. 

/. Number miles per hour = ^-2^|?^i5? = 41-01 

miles. 

Ex, 4, Required the same as in the kst example, when the 
weight =r 90 ton% and the H. P. = 60 Ans. 31-2. 
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t Ex. 5« An en^e of 40 H* P. moves with the maximum 
speed of 35^miles upon a. level rail ; required the gross load of 
the train. 

Work engine per hour = 40 x 33000 x 60. 

Work consimied per hour in moving 1 ton = 8 x 36 x 
5280. 

• • ^"""^^^ *<"»« = 8x35x5280 = ^^'S. 

Or tkns. 

!Let X = the gross weight of the train in tons, thei^ work 
consumed per hour in moving the train == ar x 8 x 35 x 5280. 
But because the train is moving unifonnlj> the work that is 
being consumed is equal to the work that is being done bj 
the engine. 

.% X x8x35x5280= 40x33000x60. 

40x33000x60 



•'• * = 8x35x5280 = ^^■^• 



Ex. 6. Required the same as in the last example, when the 
H. P. = 80, and the speed = 45 miles. Ans. 83'3. 

Ex, 7. In what time will an engine of 50 H. P., moving a 
train of 90 tons, complete a Joumej of 40 miles ? 

Work expended in moving the train 40 miles = 8 x 90 x 
40 X 5280. 

Work engine per hour =» 50 x 33000 x 60. 

. -KT 1. V 8x90x40x5280 , -« 

A xiumber hours = -:: = 1'53. 

• » x^iuuMw uvtuo 50x33000x60 * ^^ 

Ex. 8. Required the same as in the last example, when the 
H. P. =s 60, weight train = 70 tons, and distance = 330 
miles. *" Ans, 8'2. 

Ex. 9. What work per minute will a horse perform when 
travelling at the rate of 2 miles per hour? 

Here, by the table, Art. 6., the^traction =166 lbs. 

.: Work per min. = '"^""^ = 29216. 

Ex. 10. What gross load will a horse draw, travelling at 3 
miles per hour, upon a road whose friction is -j-^ of the whole 
load? 
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Here the traction is 125 lbs., but the gross load must be 
12 times this weight, or 1500 lbs- = 13*3 cwts. 

Ex. 11. At what rate will a horse di*aw a ton, on a road 
whose coefficient of friction is ^? 

Here, traction = -^ = 74 lbs. 

Therefore, bjthe table, the rate must be between 4 and 4|- 
miles. 

Ex. 12. If a horse exert a traction of 160 lbs. when moving 
at the rate of 2^ miles per hour, what gross weight will he 
draw upon a road whose coefficient of friction is ^7, and what 
work will he perform per min.? 

Here the traction is -^ of the load, 

/. Load = 12 times 160 lbs. = 17-1 cwts. 

Distance moved in ft. per min. = \q — = 220. 

.-. Work done per min. = 160 x 220 = 35200. 

Ex. 13. If a horse draw a gross load of 1^ tons upon a road 
whose coefficient of friction is •^, what traction will he exert? 

Weight moved in lbs. = li x2240 = 3360 lbs. 

Now the resistance of friction, or the resistl^lce which the 
horse has to overcome is -^j^ of this weight. 

.•. Traction = ^ of 3360 lbs. = 168 lbs. 

Ex. 14. Required the same as in the last example, when 
the gross load = If tons, and the coefficient of friction = •^. 

Ans. 130| lbs. 

Ex. 15. In how many days of 8 hours long will a horse 
whose traction is 160 lbs., lltansport 12000 cubic feet of 
material, weighing 200 lbs. each cubic foot, to the mean dis- 
tance of four miles, on a road whose coefficient of friction is^ 
supposing the weight of the cart to be ^ of the gross load, 
and that the horse travels with the full load at the rate of 2 J 
miles per hour, and returns with the empty cart at the rate 
of 5 miles per hour ; required also the cost of the transport, 
allowing 10*. per day for the driver and horse. 

Gross load = 160 x 30 = 4800 lbs. 
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Net load « 4800 x f = 3840 lbs. 

Weight of the material = 12000 x 200 = 2400000 lbs* 

/, Number of loads = g^^^ = 625. 

TOmt in going and returning with 1 load = - -|-| = 2*4 

hours. 

/. Time in removing the whole material = 2*4 x 625 = 
1500 hours. 

.% Number of days' work = — g- ^ 187'5, 

Cost = 187-5 x 10*. = £93. 15*. 

JSx. 16. How many horses would be required to complete 
the transport, of the last example, in 10 days ? 

From the last example we find that it would take 187*5 
horses to complete the work in 1 day, 

/. Number of horses to do the work in 10 days = •^, of 
187-5 = 18-75. 

Ex, 17* Required the sam« as in Ex. 15., when the material 
= 24000 cubic feet, the weight of a cubic foot = 120 lbs., 
and the mean distance = 3 miles, the other data remaining 
the same, Ans. 168*75 daifs, and cost £84. 7*. 6(L 

Work of the Sato Machine^ 

9. The resistance to be overcome in the process of sawing 
is occasioned by the friction of the teeth of the saw upon the 
timber. According to Navier about 29000 units of work 
are required to saw a square foot of green oak planking. 
This datum will enable us to calculate the various elements 
that may be required in a problem. In the following calcu- 
lations no time is allowed for the adjusting of the planks. 

Ex. 1. What must be the horse-powers of an engine to 
cut 6000 sq. ft. of oak planking in a day of 10 hours long ? 

Work in cutting 1 foot = 29000. 

„ „ 6000 feet = 29000 x 6000. 

TTT i_ • 29000x6000 nr^rxnnn 

/. Work per mm. = — iq^qo = 290000. 
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A"dH.P.=^ = 8-7 nearly. 

JEx, 2. Required the same as in the last example, when 
the number sq. ft. = 5600, and the hours per daj = 12. 

Ans. 6*8. 

Ux. 3. In what time will an engine of 2-horse powers cut 
a plank 9 feet by 1*3 feet ? 

Work engine per min. = 33000x2 = 66000. 

Surface of the plank = 1'3 x 9 = 11'7 sq. ft. 

Work in cutting the plank =s 29000 x 11*7 =x 339800. 

/. Number min. in cutting =  ---. 2= 5*1. 

Ex, 4. In what time will an engine of 5 H. P. cut 300 
planks, each plank being 20 ft. by 18 in. ? Ans, 26*3 hours. 

Ex, 5, How many feet of plank will an engine of 4-horse 
powers cut in a day of 12 hours long ? 

Work engine per day = 95040000, 

But work in cutting 1 foot = 29000. 

/. No. of feet cat per day « 2^^= 3377:2, 

Ex. 6. If an engine of 4 eff^tire horse powers cot 24 
square feet of Memel plank in 5 minutes, how many unite of 
work are consumed in cutting 1 square foot ? 

Work engine in 5 min. » dSOOOx 4 x 5 s 660000. 

But this result is the wcork destroyed in cutting 24 square 
ft. . 

• Work in cutting 1 foot =s S5^ « 2750a 



• • 
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WORK IN MOVING A BODY ON AN INCLINK 

PLANE. 

10 If a body be moved along any surface, without fric- 
tion, the work performed is equal to the product of the 
weight of the body in lbs. by the vertical height in feet 
through which it is. raised. 
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Let a body be moved 
slowly aloDg the line ACL 
T D F Y V, then the work 
done will be that whiob is 
due to lie perpendieulw 
height H V tlirough whkh 
the body is raised : bec&use 
the work done throagh the 
vertical line A C is the same 
as that wHch would be done 
through H I; now, because 

C I is a horizontal line, and since there is no friction, it will 
not require any work to move the body from C to L ; in 
lite manner the work done through the vertical line L "t 
will be that which is due to the peqjendicular height I N, 
and the work done on the horizontal line T D will be no- 
thing ; and BO on ; so that the whole work upon Ae body is 
Mmplythat which would be performed in raising it throogh 
the vertical line H V. 

Now, since the parts A C, C L, T D, D F, &c, may be 
taken any relative dimensions, or they may be taken as 
small as we please ; therefore the Kne A C L T D F Y V 
may be mads to approsimate to the forms of any assignable 
figure, and hence we infer, from induction, that the prin- 
ciple here demonstrated will hold true for any inclined plane. 

U. Work in overcomif^ the resit/oMxs of friction ajid 
gravity. 

If the inclination of the ^ane, iipon ftbicb a body is moved, 
is small, the pressure upon tbe plane will obviously be very 
nearly equal to the weight of the body ; hence the work of 
friction will be calculated after the manner explained in 
Art. 7., and that of gravity by Art. 10. 

Ex. 1. A train of 80 tons ascends an incline which has a 
rise of 2 feet in every 100 feet, with the uniform speed of 
15 miles per hour, what must be theefiective horse-powers 
of the engine, tiie fric^n being as usnal ? 
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Speed train per min = 1320 ft. i 

Weight train in lbs. = 179200. 

Bise of the rail for 1 ft. = y{^ ft. 

„ 1320 ft. = -1^x1320 = 26-4 ft. 

Hence it appears that the whole weight of the train is 
raised 26*4 ft. every minute in oppo^tion to gravity. 

/. Work due to gravity per min. = 179200 x 26*4 = 
4730880. 

But work due to friction per min. =8 x 80 x 1320=844800. 

/. Total work per min. = 4730880 + 844800 = 5576680. 

^dH.P. = ^-|g^=168-9. 

JEx. 2. Required the H. P., as in the last example, when 
the weight of the train =: 90 tons> the rise = ^ in 100, and 
the speed = 20 miles. Ans. 92. 

Ex. 3. A tndn of 100 tons ascends an incline which has 
a rise of ^ in 100 ; required the maximum speed when the 
effective horse-powers of the engine = 80. 

Eise rail in 1 foot = 

,, 5280 feet, or 1 mile = 8*8 ft. 

Weight train in lbs. = 

«*• Work due to gravity in 1 mile = 
,, friction „ = 

•*• Total work done in 1 mile = 

Work of the engine per hour = 

A No. miles per hour = w~^' ^TmUe ^ ^^'^* 

• Or thus. 
Let X = the speed of the train in feet per hour* 
Eise rail in 1 ft. = ^^ 100 = ^ft- 

J? ft •— - *- ft 

„ „ X II. — ^Q^ II. 

/. Work due to gravity = 100 x 2240 x ^ 

„ „ friction = 100 X 8 X a?. 
Now the work due to gravity per hour, added to the woi^ 
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due to friction per hour, must be equal to the work done by 
the engine in the same time. 

/. 100 X 2240 X ^ -i- 100x8xa; = 80x33000x60. 

600 






X = 135000 ft. = 25-5 miles. 

Ux. 4. A train of 60 tons ascends an incline which has a 
rise of "^ in 100 ; required the maximum speed per hour, when 
the efifective horse-powers of the engine =40. Ans. 1 8*4 miles* 

Ex, 5. An engine of 50 H. F. ascends a gradient having a 
rise of |- in 100 ; with the steady speed of 20 miles per hour ; 
required the weight of the train in tons. Ans, 37*8 tons. 

This example may be wrought after the method of Ex. 5. 
Art. 8. 

Ex, 6. A train of 100 tons descends a gradient having a 
rise of ^ in 100, with the steady speed of 60 miles per hour ; 
it is required to determine the H. P. of the engine. 

Hercj work due to friction per min. = 4224000, 
„ work due to gravity ,, = 224000 x 13*2 = 

2956800. 

In this example gravity acts with the engine. 

/. Work engine per min. =s 4224000 — 2956800 = 
1267200 

And H. P. = 38-4. 

Ex. 7. A train of 80 tons descends a gradient having a 
rise of ^ in 100, with the uniform speed of 50 miles per hour; 
it is required to determine the H. P. of the engine. Ans, 6'6. 

Here it will be observed, that the work of gravity acts with 
the work of the engine. 

Ex. 8. If a horse exert a traction of 160 lbs., what weight 
will he pull up a hill which has a rise of 3 feet in 100 feet, 
supposing the coefficient of friction to be -}^ ? 

Work of the horse in moving over 100 feet = 160 x 100. 

Work of friction in moving 1 lb. over 100 ft. = ^ x 100. 
„ gravity „ „ =1x3. 

100 

Total work in moving 1 lb. over 100 ft. = — 4-3= 11-3. 
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/. No. lbs. drawn = — rps — l^s. = 12*6 cwts. 

Ex, 9. What would be the backward pressure of a horse in 
going down a hill which has a rise of 5 in 100, with a load of 1 
ton, supposing the coefficient of friction to be -3^? Ans. 37'4 lbs. 

JHic 10. How many horses would it take to draw a load of 
6 tons up a Mil hAving a rise of S|> in 100, ^apposing the 
resistance of friction to be ^^ of tiie whole load, and the 
traction of each horse 160 lbs.? 

Work due to frictioa in moving <6 tons oyer 100 BU = 
79 gravity „ „ = 

Total work in moving 6 tons orer 100 ft. = 

Work of 1 horse in 100 ft. = 

Total wwk 



No. horses = 



= 9-1. 



Woik «f 1 lune 

Ex. 1 1. What -wotk will a horse peifonn in traniqiortiag a 
load of 1 ton, on the road in the last example, to the distance 
of 10 miles, when the total rise is SO ^t? 



Work due to friction = 



2240 
12 



X 10 X 5280. 



^ gnrnty = 2240 x ^0. 

/. Total work = 9968000. 



WORK IN RAISING MATERIAL 

GIVEN FORM. 

12. Let n 5 be the mass raised from the 
horizontal line H R, C the middle or 
centre of gravity of the mass, £ and r 
points equidistant from C Now, if we 
suppose equal weights (say for example 
3 lbs.) to be placed at e and r, the centre 
of gravity of these weights will be at C, 
then 



Work in raising 3 lbs. to r= 3 x H r 

to e = 3 X H 0. 
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•% Total work in raising the material at r and e = 3 x H r 
+ 3 X He = 3(Hir + H€) = 3 X 2 X HC. 

Now the same maj be proved for any two points equinlis- 
tant from C, hence the work in ramng the whole material will 
be its weighty mnUipUed hy the height to whick the centre of 
gravity is raised. 

The demonstration here given aay be easily extended to 
more general cases. 

j&x. 1. Required the work m ndsiag the mstenal in a wall 
40 ft. long, 16 ft. high, and 2 iL thick ; stipposiBg the weight 
of a cubic foot of the material to be IM lbs. 

Contents of the wall = 40 x 16 x 2. 

Weight „ = 40 X 16 X 2 x 15a 

Now the height of the centre of gravity of the wall will be 8 ft 

A Work = 40 X 16 X 2 X 150 X 8 = 1536000. 

JEx. 2. The shaft of a pit is to be sunk 120 feet in depth, 
and 6 feet in diameta: ; reqmred the work in raising the 
material, supposing a cubic foot to weigh 100 tbs. 

Number cubic feet in the diaft = 5* x '7854 x 120. 

Weight of the material „ = 6« x '7854 x 120 x 100 
= 339292-8 lbs. 

ion 

.-. Work = 339292-8 X -~« 2(3t«7^fi68. 

Ex, 3. In how many days would a man working with a wheel 
and axle, raise the material in the last example ? Ans, 16*3. 

Ex, 4. Required the work in raising 3 ewts. of coals from 
a pit whose depth is 20 fathoms, the circumference of the 
rope being 2 inches, allowing that the weight of 1 foot of 
rope of 1 inch in circumference is -046 lbs. 

Weight of 1 ft. of the rope=2« x •046=-184 lbs. 

Weight of Hie whole rope=-184 x 120=22-08 lbs. 

.-. Work in raising the rope= 22-08 x l?5=i324*8. 

Work in raising the coals=112 x 3 x 120=40320 
.•. Total work= 1324-8 + 40320=41644-a 
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Ex. 5. The material in the largest Pyramids, Cheops, is 6 
millions of tons, and the perpendicular height is 480 feet ; 
required the bushels of cods which would be consumed in 
raising the material, supposing that a bushel of fuel, employed 
in our best steam-engines, can perform 70 millions of work ; 
required also the time which an engine of 300-horse powers 
would take to raise the material. 

Weight of the material = 6000000 x 2240 lbs. 

Now the centre of gravity of a Pyramid is at one fourth the 
perpendicular height estimated from the base. See Art. 34. 

Work = 6000000 X 2240 X ^ 
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-_ . , V , 6000CXX ) X 2240 x 120 _ oqnin ' 

.'. Number bushels = 7000WO =23040. 

And r,me = 33000 xS^^eox 24 = "^ days. 

Ex. 6. This side A B, of a cube of granite is 4 feet, and 
the weight of a cubic foot is 170 lbs. ; it is required to find 
the work necessary to overturn it on its edge A. 

Here the distance, A g, of the centre h 
of gravity from the edge = -^ V 2 x 4? 
= 2-828. 

When the cube is about to fall, the centre 
of gravity g will be at n, in the vertical 
line A A. A B 

.•. the distance, r«, the centre of gravity will be elevated 
= 2-828 - 2 = -828 ft. 

.-. Work = 64 X 170 X -828 = 9008. 
Ex, 7. The perpendicular height, D V, of a right pyramid 
is 12 feet, the side of the base AB, which is square, is 8 feet, 
and a cubic foot of the material weighs 100 lbs. ; it is re- 
quired to find the work necessary to overturn the pyramid 
upon its edge A. 

When the body is about to fall, the centre of gravity, g^ 
will be at n in the vertical line A A, and the work in bring- 
ing the body to this position, will be due to the vertical 
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distance, r «, througli which the centre of gravity has been 
raised. 

ThenD^ = Ar = ^ = 3; AD = | =4; A gov An 

= V 42 + 32 = 5 ; and r » = 5 - 3 = 2. 

Weight of the pyramid = 8^ x ~ X 100 = 25600 lbs. 

.\ Work = weight X r » = 25600 x 2 = 51200. 

Observation. The work necessary to overturn any body 
is the true measure of its stability. 

JSx. 8. A cistern is 12 ft. long, 6 ft. broad, and 8 ft. deep. 
The height of the bottom of the cistern from the water in 
the well is 36 ft. It is required to find the work in .filling 
the cistern with water. 

Wt. water in the cistern = 12 x 6 x 8 x 62-5 = 36.000 lbs. 

Now the height to which the centre of gravity of the water 
is raised = |-f-36 = 40 ft. 

A Work = 36000 x 40 = 1440000. 

JE!x. 9. Required the same as in the last example, when the 

cistern is 6 ft. long, 3 ft. broad, and 4 ft. deep, and the bottom 

of the cistern stands 18 ft. from the water in the well. 

Am. 90000. 



WORK IN EXCAVATIONS WHEN THE MATE- 
RIAL IS TRANSPORTED BY MEANS OF BAR- 
ROWS, &c. &c. 

13. The following method of calculating the work of ex- 
cavation is that which is employed by the most eminent 
French engineers. 

The material is classed according to the number of pickmen 
necessary to keep at work a certain number of shovellers. 
Thus earth, of mean quality, requires 3 of the former to 2 of 
the latter ;- whereas earth, of a harder quality, will require a 
greater proportion of pickmen. This proportion will, of 
course, be fixed by the judgment of the engineer. A relay 
is the distance a barrowman will wheel a full barrow and re- 

C 
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turn with an empty one, while a shoveller is filling another 
barrow. This distance on the horizontal line is calculated to 
be 120 feet. The barrow is supposed to contain 1 cubic foot 
of the material, and a shoveller to lift 500 cubic feet of earth 
per day. When the material is to be raised to the surface, 
this is supposed to done by means of ramps formed of planks, 
each 12 feet in length, and having a rise of 1 foot. The 
length of the relay upon the ramp is 80 feet. The mean 
height to which the material is raised, is the height to which 
the centre of gravity of the whole material is raised. 

Ex. 1. 60000 cubic feet of earth are to be excavated and 
then removed to the mean distance of 480 feet, the material 
is such as to require 3 pickmen to 2 shovellers, it is required 
to find the workmen of each sort necessary to complete the 
work in 20 days. 

Number relays = — = 4. 

Hence for eac^ shoveller we must have 4 barrowmen; and 
as there are 3 pickm^i for every 2 shovellers, the number of 
pickmen will be 3 times the •)• of the number of shovellers. 

Number Shovellers to do the work in 1 day = -=;r;r-=120. 

dUU 

Barrowmen „ = 120 x 4 = 480. 

Pickmen „ = f of 120 = 180. 

Now since the work is to be done in 20 days, the number of 

men wiU be the -^^ of the number required to do the work in 

1 day. 

/, Number Shovellers to do the work in 20 days = y^ = 6. 

Barrowmen „ = ^^^=z24i. 

Pickmen „ = VV = 9- 

Ex, 2. Required the same, as in the last example, when the 

material = 50000 cubic feet, the mean distance = 240 f^Qt^ 

and the material requires 4 pickmen to 3 shovellers. 

Arts, 5 Shovellers, 6|- Pickmen, and 10 Barrotomen, 
Ex, 3. Wbat would be the cost of the work in example 1., 
allowing the pickmen 3^., the shovellers 2s, 6d,, and the 
barrowmen 25. per day ? 
Wages of shovellers = 2s. 6d, x 120 = £15. 
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Wages of barrowmen = 2s, x 480 = £4?8. 
„ pickmen = 3*. x 180 = ;g27. 

/. Total cost = :g90. 

Ex, 4. Eequired the cost of excavating and then trans- 
porting 40000 cubic feet of material to the mean distance of 
700 feet by means of barrows, allowing 3 pickmen to 2 sho- 
vellers, and each workman 28, 6d. per daj. 

Number relays = {^^ = 5'83. 

As a shoveller lifts 500 feet of earth per day. 

The number day's work of Shovellers = -j^ = 80. 

„ „ Pickmen = — ^ = 120. 

„ Barrowmea = 80 x 5'83 = 466*6'. 

/. Total days' work =666-6; and cost= 666*6' x 2*. 6d. 
= £83. 6*. Sd. 

Ex. 5. Required the same, as in the last exmnplei when the 
material = 25000 cubic feet, the mean distance 360 feet, and 
the material requires 2 pickmen to 3 shovellers. 

Ans. £29. Zs. 4d 

Ex. 6. 70000 cubic feet of earth are first to be raised to the 
mean height of 8 feet by means of ramps, and theil removed 
to the mean horizontal distance of 480 feet, the material 
requires 4 pickmen to 3 shovellers ; it is required to find the 
cost of the work allowing each labourer 2$, per day. 

Here there will be 8 planks in the ramp. 

.% Length ramp = 12 ft. x8 = 96 ft. 

Number relays on the ramp = •U = 1*2. 

Number of relays on the level = -Jf^ = 4. 

.% Total number relays = l*2+4 = 5'2» 

Days' work of shovellers = • = 140. 

* „ barrowmen = 140 x 5*2 = 728. 

„ pickmen = 140 x J = 186|. 

.*. Total number days' work = 1054fo 
Cost = 1054| x 2s, = £105. 9^. 4rf. 
Ex, 7. Required the same, as in the last example, when 

c 2 
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the mean height = 12 feet, the horizontal distance = 300 ft.» 
and the material requires 2 pickmen to 3 shovellers. 

Ans. £83. lOs. Sd. 

Ex. 8. 290000 cubic feet of earth are to be excavated and 
then transported, bj means of an engine, to the mean dis- 
tance of 4 miles. The engine travels at the rate of 8 miles 
per hour with the full waggons, and returns with the empty 
ones at the rate of 12 miles. There are 24 cubic yards of 
earth conveyed each journey ; and the material is such as to 
require 2 pickmen to 3 shovellers. It is required to find the 
time in which the excavation will be completed, the ntunber 
of men of each sort necessary to keep the engine going, and 
the cost of the excavation (exclusive of the engine), allowing 
3^. per day of 10 hours long to each workman ; and that a 
shoveller can lift 500 c ft of earth per day? 

Time each journey = |^-f -j^ = |^ hours. 

/. Number journeys per day = 10-*-4 = 12, 

.*. Number c. ft. conveyed per day = 24 x 27 x 12 = 7776, 

290000 

/. Number days to complete the transport = -=r=^= 37*29. 

7776 

Number shovellers = -^^ = 15*552, 



.% Number pickmen = J of 15*552 = 10-368. 

9000 
500 



Number days' work of shovellers = = 580, 



•*• » 



pickmen = $ of 580 = 386|, 
/. Total number days' work = 580 +3861 = 966f, 
.•. Cost = 966§ X 3*. = £145. 

Ex, 9. Bequired the same as in the last example, when 
the content of the material =. 1200000 c. ft., the mean 
distance = 2 miles, the other data remaining the same. 

Ans. Time = 77*16 days; numher Pickmen = 20*736; 
number Shovellers =.Z\'104i \ and Cof^ = £600. 

WORK IN OVERCOMIN& THE RESISTANCE OF 

FLUIDS. 

14. The resistance of the atmosphere to the motion of a 
body, varies as the square of the velocity. Thus, if the velo- 
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city of the body be increased 2 times, the resistance will be 
increased4 times,if the velocity be increased 3 times the resist- 
ance will be increased 9 times, and so on ; — because when the 
velocity of the body is increased, there is not only a greater 
volume of air to be displaced by the moving body, but it also 
strikes with a greater force upon the fluid particles. The 
resistance also obviously increases with the extent of the 
surface opposed to the air. See Art. 59. 

JEx, 1. What must be the H. P. of the engine in Ex. 1. 8.,> 
supposing the resistance of the atmosphere to the whole train 
to be 33 lbs. when moving at the rate of 10 miles per hour? 

Here,^ == 3, that is, the speed is increased 3 times, there- 
fore the resistance of the air will be increased 9 times. 

.*. Besistance air = 33 x 9 = 297 lbs. 

Work due to the resistance air per min. = 297 x 2640. 

But the work of friction per min. = 400 x 2640.. 

/. Total work per min. = (297+400) x 2640 

A J TT -D 697 X 2640 -^ ^^ 

^^H- ^- = -5500)- =25 76. 

Ex. 2. A train of 100 tons moves at the steady speed of 
40 miles per hour on a level rail ; it is required to find the 
H. P. of the engine taking the resistance of the air as in the 
last example. 

Here the speed per min. = 3520. 

Work due to friction per min. = 8 x 100 x 3520. 
„ the air „ = (^)'» x 33 x 3520. 

/. Total work per ipin. = 4674560, and H. P. = 141. 

JSx, 3. Required the H. P. of the engine in Ex. 7. U.^ 
supposing the resistance of the atmosphere to be the same as 
in the last example. 

Here the resistance of the air = (^y x 33 = 25 x 33 lbs. 

A Work due to this resistance per min. = 25 x 33 x 
4400 = 3630000. 

But work due to friction and gravity per min.. = 187734 

S630000 + 1877S4 



»•• H- !*• = 1^0^ = "g-S- 
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JSx, 4. The H. P. cf an engine =b 120, the anif<»in spee<$ 
on the level rail = 30 miles, the resistances of the air and 
friction as usual ; required the weight cf the train. 

Here the speed per min. = 2640 ft 

Work due to the air per min. = 3^ x 33 x 2640 == 
784080. 

Work engine per min. = 120x 33000 s 3960000. 

•\ Work engine which goes to overcome friction =: 3960000 
- 784080. 

Work due to friction per min. in moving 1 ton ?=: 8 x 2640. 

. T^T . S960000— 784080 -.-^^ 

.% No. tons = ^^^2640 = ^^^•^• 

Ex. 5. Required the same as in the last ezample^ when 
H. P. = 140, and the speed = 50 miles. Ans. 28*1. 

Ex. 6. Required the weight of the train, in the last example, 
when it descends an incline having a rise of -^^ in 100. Ans. 39.. 

Ex. 7. Ka boat, weighing 15 tons, undergoes a resistance 
of 33 lbs. when sailing at the rate of 2 miles per hour, what 
must be the effective H. P. to sustain a speed of 8 miles ? 

Here, -1 = 4, that is the velocity is increased 4 timea. 

.•. Resistance of the water = 4« x 33 = 528 lbs. 

Work of resistance per hour = 528 x 8 x 5280. 

. TT P — 528 x8x 5280 _ ,,.0 

. . II- r. - — eoTssooo"" "~ ^^ ^' 

Ex. 8. How many horses would be required to move the* 
boat, in the last example, at the rate of 5 miles per hour. 

Traction == (f )« x 33 = 206 lbs. 

By the table. Art. 6., the traction of a horse at 5 miles is^ 
about 41 lbs. 

/. No. horses = -^ = 5. 

Ex. 9. What would be the cost of conveying 1 ton for 1 
mile, in the last example, allowing 5s. per day, of 6 hours 
long, for each horse ? 

Distance moved per day = 5x6. 

.*, Cost of 15 tons for 1 mile = , ^ 
• yy 1 ton . „ = «TfiTT^=f* 
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THE MODULUS OF A MACHINE. 

15. The modulus* of a machine is the fraction which ex- 
presses the relation of the work done to the work applied. 
Thus if a machine should only perform one-half the work 
that is applied to it, then the modulus, in this case, would be 
^ or *5. However perfectly a machine may be constructed, 
there must, always be a certain amount of work destroyed 
by the friction of the parts. The work that is thus destroyed 
depends upon the extent and nature of the rubbing surfaces. 
In many machines abo, the power of the labouring agent 
may be exerted in a more or less efficient manner. Hence 
it is, that the modulus of one machine sometimes differs yeiy 
much from that of another. The following table of ma- 
chines for the raising of water is taken from Morin'9 Me- 
oanique Pratique. ' 

Modulus. 

Incline chain pump..... *38 

Upright „ -53 

Bucket wheel "6 

Chinese wheel...^.. *58 

Archimedian screw *7 

Pumps for draining mines, &c ^66 

Ex. 1. If 2 H. P. be applied to a bucket wheel, how many 

«abic feet of water will be raised per hour to the height of 

18 feet? 
Work applied per hour = 2 x 33000 x 60. 

Workdone „ = 2 x 33000 x 60 x -6. 

Work in raiang 1 ft. of water = 62-5 x 18. 

^-r j>. 2 X 33000 X 60 X '6 ono 

.•• No. c. ft. = e>2-5xi8 = 2112. 

Ex, 2. If 5 H. P. be applied to a machine, lifting 3000 
feet of water per hour to the height^of 40 feet, what is the 
modulus of the machine ? 

* t*)rofessor Moseley first gave the general theory of the moduli dt 

machines. 
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Work applied per hour = 5 x 33000 x 60. 
Work done „ = 3000 x 62-5 x 40, 

. Tij- J 1 Work done ^g, 

.-. Modulus = .,^j3^^;^p^=-, 5. 

Ex. 3. How many H. P. must an engine have to pump 
7000 feet of water per hour, from a'mine whose depth is 33 
fathoms ? 

Work in raising the water per hour = 7000 x 62-5 x 
33x6. 

Effective work of one H. P. per hour = 33000 x 60 x ^^^ 

. TT P — 7000 xgg-^x 33x6 _ ^^.^ 
..±l.r 33000x60x66 - ^ ^' 

Ex. 4. A dstem is 10 ft. long, 7 ft broad, and 8 ft. deep. 
The height of the bottom of the cistern from the water in 
the well is 56 ft. In what time will a man pump the cistern 
full of water, allowing that lie performs 2600 units of work 
per minute, and that the modulus of the pump is '66 ? 

Wt. water in the cistern = 35000 lbs. 

Ht. to which the centre of gravity of the water is raised = 
1+56 = 60 ft. See Art. 12. 

/. Work = 35000x60 = 2100000. 

Effective work of the man per h. = 2600 x 60 x '66 = 
102960. 

/. No. hours = ^52955" = 20-4 nearly. 

Ex. 5. Required the same as in the last example, when the 

cistern is 7 ft. by 5 ft. and the depth 6 ft., and the height 

from the water in the well 37 ft. 

Ans* 5*1 hours nearly. 

Ex. 6. What work would the water in the cistern, of Ex. 4, 
perform upon a wheel, which takes up f- of the work ? 

Here wt. water = 35000 lbs. 

Space through which the centre of gravity descends = 4 ft. 

.-. Work = 3o000x4x J = 56000. 

Ex. 7. In what time will a pumping engine of 4 horse 
powers fill a tank 15 ft. long, 10 ft. broad, and 6 ft deep, from 
a well 20 sq. ft in the section, supposing the level of the water 
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in the well to be 40 ft. below the bottom of the tank, when the 
engine began to work, and that no water ran in during the 
process ? 

Wt. water raised = 900 x 62-5. 

900 

Depth to which the water is depressed in the well = -^ =s, 

45 ft. 
Now the distance between the centres of gravity of the 

water in the tank and that which is in the well is 40+ — 4- 

f = 65^5 ft. 

/. Work in pumping water = 900 x 62*5 x 65*5 = 
8684375. 

Efifectiye work of the engine per min. = 4 x 33000 x *6S 
= 87120. 

* XT • S684375 ^o-o 

••• N<>- ™^ = -87120- = ^•^- • 

JEx, 8. Requiring the same as in the last example, when the 
tank is 12 ft. long, 9 ft. broad, and 8 ft. deep. Ans. 40-6 min. 



LABOURING FORCES. 
16. We shall now consider, more in detail, some of the 
most important labouring forces. Besides the labouring force 
of animals^ the intellect of man has subjugated the elements 
of nature to perform work ; — the rolling stream and the water- 
fall have been made to move the water-wheel, in order to 
grind our com ; — the ocean, agitated bj the attraction of 
distant spheres, does our work in its ceaseless ebb and flow, 
by carrying our ships and barges to and from our inland 
cities ; — the air does our work, by pressing upon the sails of 
the windmill, and bearing vessels to our shores laden with the 
merchandise of distant lands ; — fire and water do our work, 
in the form of steam, — an agent as various as to the mode 
of its application, as it is exhaustless with respect to the power 
which it developes; — and the time may not be distant when 
even the most subtle and terrific agents of nature may be 

constrained to perform useful labour. 
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WORK OF WATER. 
Work of a Watev'wkeel, 

17. When water, or anj body falls from a given height, the 
work which it is capable of performing, will just be that which 
would be done upon it in raising it to the height from which 
it has fallen. It is no matter in what waj this work is used,^ 
whether the water falls into the buckets of an overshot wheel, 
or divers its work upon the paddles of an undershot wheel, — 
the labouring force of the water will always be equal to the 
work due to the height of the falL 

Ex. 1. The breadth of a stream is 4 feet, depth 3 feet, 
mean velocity of the water 15 feet per minute, and the height 
of the fall 20 feet ; required the H. P. of the water-wheel 
which does -^ of the work of the water, and also the number 
of bushels of com which the wheel will grind in a day of 10 
hours. 

Water going over the fW per min. = 4x3x15 = 180 
c. ft. 

Weight „ „ = 180 X 62-5 lbs. 

As this water descends the height of 20 feet, 

The wozk of the water per min« = 180x62*5x 20. 

But the wheel does -^ of this work, 

Work wheel per min. = 180 x 62*5 x 20 x -7. 
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^^ ^-^^ = m5o5 = ^•^^• 

Now a horse power is able to grind 1 bushel of com per 
hour, 

/. Number bushels per day = 10 x 4-77 = 47*7. 

Ex. 2. Required the same as in the last example, when 
the breadth of the stream = 3 fU, depth == 2 fu, and velocity 
= 12 ft. Am. H. P. = 1-9, and 19 hush. 

Ex. 3. The section of a stream is 4 feet by 2 feet, the 
mean velocity is 20 feet per minute, and the height of the 
fall 15 ; what will be the H. P. of the water-wheel whose 
modulus is "68, and how many cubic feet of water per min. 
will the wheel pump from the bottom of the fall to the 
height of 1 15 feet ? 
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Content water going over the fall per min. = 4 x 2 x 20=s 
160 c. ft. 
Weight „ „ =160x62-5 lbs. 

Work of the wheel per min. = 160 x 62*5 x 15 x -68. 

A J Ti -D 160x62'5xl5x -68 «,^^ 
-^^^•^• = 3S000 =^'^- 

Work in pnmping I c. ft. of water = 62^5 X 1 15, 

. -KT X. !• ^ J • 160 X 62-5 X 15 X •«8 

/. Number feet pumped per min. = 62-5 x 115 ^ 

14-2. 

JEx. 4. How man^ cubic feet of water per minute will the 
wheel, in the last ex.ample, pump from the top of the fall tc 
the elevation there mentioned ? 

In this case, onlj a portion of the water of the stream goes 
npon the wheel. 

Space through which the water is pumped = 115—15 = 
-100 ft. 

Work in pumping 1 c. ft. = 62*5 x 100. 

Work of 1 c. ft. water going on the wheel = 62*5 x 15 x 

•68. 

/. Number ft. going on the wheel to pump 1 ft. = 

62-5x100 __^.Q 
62-5 X 15 x -68 

Hence, in order to pump 1 ft. there must be 9*8 e. ft. fall 
npon the wheel, or it takes 10*8 ft. of the stream to pump 
1 ft., therefore the water pumped is just ^is P&i't of the 
whole. Now the whole water =s 160 ft. per minute. 

.*. Water pumped per min. = fj%. = 14'8 c. ft. 

Hence it appears that it would be more advantageous to 
pump water from the top of the fall. 

Or thus, 

Let X = no. c. ft. of water pumped per min. 

No. c ft. water going over the fall = 160~-a;, 

/. Work of the wheel per min. = (160-a?)62*5 x 15 x -68 

Work in pumping water per min. = op x 62*5 x 100. 

But as all the work done upon the wheel goes to pump the 

water, we have, 

c 6 
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X X 62-5 X 100 = (160-ar)62-5 X 15 x -68. 
/. X = 14*8 c. ft, 

Ex. 5. How many cubic feet of water will the wheel in 
Ex. 1. raise per minute, from the top of the fall to the height 
of 40 feet above that point ? An$. 46-6- 

Ex. 6. How many cubic feet of water would be required 
per minute, to drive a water wheel of 4 effective horse 
powers, supposing the height of the fall to be 16 feet, and 
the modulus of the wheel *68 ? 

Work of the wheel per min. = 33000 x 4. 

Effective work of 1 c. ft. of water = 62'5 x 16 x -68. 

Now as many times as this work of 1 c. ft. can be taken 
out of the work of the wheel per minute, so many feet of 
wateor must go over the fall per minute. 

.% :i<umber feet water = J^^W^ = ^^^'^• 
Or thus. Let x = no. c. ft. of water. 
Work of the wheel per min. = xx 62*5 x 16 x '68. 
But this work must be equivalent to 4 horse powers, 
.-. a:x62-5xl6x-68 = 33000x4, 

. -;- ^QQQ>^^ = 194-1 

•• * - 62-5 X 16 X -68 -^ ^^^ ^• 

Ex. 7* Bequired the same as in the last example, when 
the H. P. = 2, and the height of the fall = 20 ft. 

Ans. 77*6. 
Ex. 8. What must be the fall of the stream in Ex. 3. so 
that the wheel may perform the work of 3 horses ? 

Ans. 14'5 ft. 

Work of the Hydraulic Ram. 

18. From the experiments of Eytelwein, a celebrated 
German mathematician, it appears that the modulus of a 
liydraulic ram of the best construction is '87. 

Ex. 1. In a hydraulic ram there are 14 gallons of water 
spent per minute, the fall of the water is 10 feet, it is re- 
quired to determine the numbev of cubic feet of water which 
will be raised per minute to the height of 30 feet. 
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Weight water spent per min. = 140 lbs. 
.-. Work applied per min. = 140 x 10 = 1400. 
/. Work done per min. = 1400 x '87. 
Work in raising 1 ft. of water = 62-5 x 30, 

••• No. ft water = ^^ = 65. 

Ex. 2. Required the same as in the last example, whenr 
the water spent = 11 gallons, and the fall = 9 ft. Ans. '46. 

Ex. 3. To what height would the ram, in Ex. 1., raise ^ 
cubic foot of water per minute ? Ans, 29 ft* 

Work of the Sun performed by evaporation. 

19. The heat of the sun is continually raising water into 
the atmosphere bj evaporation. The vapour that is thus 
raised forms clouds at considerable elevations above the 
earth's surface ; the rain, therefore, that falls from these 
clouds maj be taken as the measure of the work of evapora^ 
Uon. In the torrid zone the annual fall of rain, at a medium, - 
is about 105 inches, while in the extreme parts of the north 
temperate zone it is not more than 15 inches. The mean of 
these quantities will be 5 feet, which may be presumed tO" 
be about the mean depth of the rain falling upon the whole- 
of the earth's surface. Now if we suppose 1000 feet to be 
the mean height from which rain falls, we have, 

The work upon 1 mile in H. P. = ?H!!02iii^^^^looo 

^ 365 X 24 X 60 X 33000 

= 502. 

.% Work on the whole of the earth's surface = 502 H. P. 
X 197000000 = 98894000000 H. P. 

Now, Arago states that all the steam-engines in Great 
Britain are equivalent to about 1 million of horse powers : 
hence it follows, that the work due to the sun's evaporation 
is more than 98894 times the work of all the steam-engines 
in this country. Such is the stupendous scale upon which 
the operations of nature are conducted. Although but a 
veiy small part of this work is available for the purposes of 
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macbinerj, yet it all serves an important end in the vast 
mechanism of creation. In fact> as we raise water by our 
machines to revive the drooping v^etation on some little 
arid spot of the eartb> so nature, or rather the beneficent 
God of nature, by the process of evaporation, scatters re- 
freshing showers over every portion of the globe. 

Work of a Tide upon the Thames, 

20. A sprii^ tide raises the level of the water at London 
bridge, upon an average, 18 ft. 6 in., and at Battersea bridge^ 
1 1 ft. 6 in. ; the mean height^ therefore, between these places 
is 15 ft. Taking 900 ft. as the mean breadth of the river, 
and the distance between Battersea and London bridge to be 
5 miles, we have, 

Wt. water elevated each tide between these places := 
^00 X 15 X 5 X 5280 x 62-5. 

Now the work done in each tide, by Art. 12., will be this 
weight multiplied by the height the centre of gravity of the 
water is elevated, which, in this case, is 7 '5 feet. 

. u T> ^^ X 15 X 5 X 5280 x CQ'S x 7*5 ^»T<n 
• • ^•^- = 13-5x60x33000 = ^'^"• 

The work, for thk distance, will be equivalent to the work 
of 67 engines of 100 horse powers. And the work fw the 
whole river will eonstderttbly exceed the work of 670 engine» 
of 100 horse powers. 

Work of the River Niagara. 

2L This river has a total descent of 334 feet, and dis- 
charges about 40 millions of tons of water per hour; hence 
we have, 

tktj. s. :%• x. j 40000000x2240,, 

W t. water discharged per mm. = -^ lbs. 

. TT T» — 40000000 x 2240 x 334 _, g, , ^^^^ 
. . H. r. — 60 X 33000 —l^ll^d^d. 

This river, therefore, (see Art. 19.) is capable of doing 
more work than 15 times the work of all the steam-engines, 
in Great Britain. 
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WORK OF STEAM. 
Work of Steamy having a mean pressure. 

22. If steam in the cylinder ab exert 
any constant, or mean, pressure upon the 
piston AB, saj of 30 lbs, per square inch, 
then if a weight of 30 lbs. be placed upon 
every inch of surface in the piston, the 
elastic vapour would just be able to move 
the piston with its weights through the 
length of the stroke in opposition to gravity ; therefore the 
work performed upon 1 inch of the piston in one stroke will 
be the pressure of the steam upon 1 inch multiplied by the 
cumber of feet in the stroke, and the work upon the whole 
piston will be the work upon 1 inch multiplied by the num- 
ber of inches in the whole piston. 

In the high pressure engine, the pressure of the atmo- 
sphere, — about 16 lbs. per sq. inch, — is opposed to the pres- 
sure of the steam. Beside^ this, a considerable portion of the 
pressure of the steam is required to overcome the friction of 
the parts of the engine. As a mean estimate, 1 lb. to the 
sq. inch is allowed for the friction due to the engine when 
unloaded ; and an additional friction of -f the effective pres^ 
sure, or useful load, for the resistance necessary to overcome 
the friction of the loaded engine. Thus, if the pressure of 
the steam is 60 \bs., we shall have 16 lbs. for the pressure of 
the air, and 1 lb. for the resistance of the friction of the un- 
loaded piston, and then the remaining S^ lbs. will be taken 
up by the useful load^and the friction arising from that load, 

that is, load-h-f ^^^ ~ ^^ ^^3*» ^^ f ^^^^ = ^^ ^^^*9 ^^^ 
therefore load = 29;75 lbs. This load is called the effective 
pressure of the steam. 

In the condensing engine, the pressure of the vapour in 
the condenser (estimated at a maximum about 4 lbs. per sq. 
in. of the piston) must be used in the place of the atmospheric 
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pressure ; thus, in this case, we have load+-f load+ 1 -f 4 = 
total pressure of the steam. 

Ex. 1. The area of the piston of a steam-engine is 20OO 
square inches, the mean effective pressure of the steam ] 5 Ibs^ 
the length of the stroke 8 feet, the number of strokes per- 
formed per minute 20 ; required the H. P. 

Work done upon 1 inch of the piston in 1 stroke = 15 x 8 
= 120. 

Work upon the whole piston in 1 stroke = 120 x 2000. 
„ „ 20 strokes = 120 x 2000 x 2a. 

As this is also the work done per minute, we have, 

TT T» 120x2000x20 -lAeA 
^•^•= 33000 ="^*^- 

Ex, 2. The area of the piston of a high-pressure engine is 
500 inches, the length of the stroke 6 ft., the pressure of the 
steam 40 lbs., and the number of strokes made per min. 16 ; 
it is required to find the number of feet of water which the 
engine will pump per 'min. from a mine whose depth is 80 
fathoms, making the usual allowance for friction and the 
modulus of the pump. 

Here, load + | load + 1, + 15 = 40 ; .% | load = 24 ; 
and load = 21 lbs. 

/. Useful work of engine per min. = 21 x 500 x 6 x 
16 X -66 = 665280. 

Work in pumping 1 ft. of water = Q2'6 x 80 x 6 = 
30000. 

.-. No. c. ft= ^f^^ = 22-1. 

Ex, 3. Required the same as in the last example, when the 
pressure of the steam is 48 lbs., and the depth of the mine is 
160 fathoms. Ans, 14*7. 

Ex. 4. Required the H. P., as in Ex. 1., when the area of 
the piston = 500 inches, pressure of the steam = 33 lbs», 
length of the stroke = 4 feet, and {he number of strokes 
per min. = 16. Ans, 32, 

Ex, 5- What must be the mean effective pressure of the 
steam in the last example, s§ that the engine may do the 
work of 20 horses ? 
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Work engine per min. = 20 x 33000. 

Work of 1 lb. pressure of steam per min. = 500 x 4 x 16. 

-• ,, 20x83000 o/\K 

••• No. lbs. = ^00.4x16 = 201- 

Or tJiuSy 

Let X = no. lbs. pressure on each sq. in. of the piston f 
then, work steam per min. = a? x 500 x 4 x 16. 

/. a:x500x4xl6 = 20x33000; /, a: = 20f. 

Ex* 6. The area of the piston of a high-pressure engine is 
3000 inches, the length of the stroke 10 feet, the number of 
strokes per min. 16 ; required the mean pressure of the steam 
so that the engine may perform the work of 120 horses, 
making the usual allowance for friction. 

Work per min. of steam with 1 lb. effective pressure =s 
3000x1x10x16. 

Effective work per min. = 33000 x 120. 

/. Effective pressure on 1 inch of the piston = ^^^^ x lo x ig 

= 8-25 lbs. 

/. Pressure steam = 1 + 15 + 8-25 + ^ x 8-25 == 

25-4 lbs. 

Ex. 7. Required the same as in the last example, when the 
area of the piston = 800 inches, the length of the stroke = 
6 ft, the number of strokes per min. = 20, and the H. P. 
= 40. Am. 31-7 lbs. 

Ex. 8. The length of the stroke of a high-pressure engine 
is 8 feet, the area of the piston 1000 inches, and the number 
of strokes made per min. 20 ; what must be the pressure of 
the steam so that the engine may pump 80 cubic feet of water 
per min. from a mine whose depth is 120 fathoms, making 
the usual allowance for friction and the modulus of the pump ? 

Work done per min, = 80 x 62-5 x 120 x 6 = 3600000. 

/. Work engine per min. x '6Q = 3600000. 

And work engine per min. = 5454545. 

Useful work on 1 inch of the piston in 1 stroke = 



20 X 1000 

= 272, 
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/. Useful load = ?P = 34 lbs. 

Pressure steam = 34 + V + ^^ + 1 == ^'^'^ 1^^- 
Ex. 9. Required the same as in the last example, when the 
depth of the mine is 100 fathoms, and the length of the stroke 
10 feet Ans. 41*9 lbs. 

Work of Steam, with a mean pressure, considered in relation 

to the water evaporated. 
23. The true source of work in the steam-engine is the 
evaporating power of the boiler. The magnitude of the work 
not only depends upon the quantity of water evaporated in a 
given time, but also upon the temperature, and consequently 
the pressure at which the steam is formed. Experimental 
tables have been formed, giving the relation of the volume and 
pressure of steam raised from a cubic foot of water * ; these 
tables will enable us to find the volume of the steam when its 
pressure and the volume of the water are given, and vice versa. 
The following will serve as a specimen of this table. 

Volume of a cubic foot of water in the form of steam at the 

corresponding pressures. 



Press, lbs. 


VoL 


Press, lbs. 


yoi. 


30 


883 


48 


575 


35 


767 


50 


554 


40 


679 


55 


508 


45 


610 


60 


470 



JSx, 1. In a high-pressure engine the area of the piston is 
100 inches, the length of the stroke 2 ft. 6 in., the effective 
evaporation of the boiler *335 c. ft. per minute, the pressure 
of the steam in the cylinder 50 lbs., and the loss due to fric- 
tion as explained in Art. 22. ; required the useful load per 
square inch of the piston, and the useful H. P. 

* The Author has given a general formula expressing this relation with 
remarkable exactness, between the range of 5 and 200 lbs. pressure. ITiis 
formula is, Wssa + b P*; where V is the volume of a cubic foot of water 
in the form of steam at P lbs. pressure ; asBl2*5» b ^00570, and a» 
— *9301. See Mr. Hann*s able work on the steam-engine. 
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Here by Art. 22., f useful load = 50-15-1 = 34 lbs, 

A Useful load = 29-75 lbs. 

Now bj the experimental table, a cubic foot of water in 
the state of steam at 50 lbs. pressure has a volume of 554 
eft. 

.*. Volume steam evapo. per min. = 554 x *BSo, 

Volume discharged at each stroke = '-^^ = 1-73. 

/. Number strokes per min. = -^p^^ — = 107. 

Work in 1 stroke = 29-75 x 100 x 2*5. 
Work in 1 min. = 29-75 x 100 x 2-5 x 107- 

And H.P.=^'-^"^^""'^^^^^=24. 

-o^^* *^. ^ 33000 

Ex. 2. Bequired the H. P., «s in the last example, when 
the area of the piston = 120 inches, the length of the stroke 
= 2 ft. 3 in., the evaporation « -4 ft, and the pressure of 
the steam = 48 lbs. Ans. 28. 

Ex. 3. The area of the piston of a high-pressure engine is 
144 inches^ th« length of the stroke*3 feei^ the pressure of 
the steam in the cylinder 48 lbs., the number of strokes per 
min. 20, and the loss of friction as usual ; it is required 
to find the useful load, the water evaporated per hour, and 
the useful H. P. of the engine. 

Useful load+^ useful load =: 48-15-1 = 32 lbs. 

,% Useful load = 28 lbs. 

Yolume steam discharged per min. =  2l x 20 = 60 

cubic ieet. 

„ „ hour = 3600. 

Bj the experimental table 1 c. ft. of water yields 575 c. ft 
of steam at 48 lbs. pressure. 

.*, Cubic ft. water evapo. per hour = ^-^^ = 6*2. 

XT T> 144x28x3x20 _,y^^ 
**• ^' = 33000 ^"^^ 

Ex. 4. Required the same as in the last example when 
the area of the piston = 96 inches, length of the stroke = 
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2^ ft., pressure of the steam = 60 Ib&u, and the number 
fitrokes = 100. Ans. 21-2 ft^ and JET. P. = 28. 

JEx. 5, Bequired the duty of the engine in Ex. 3., allowing 
■that 1 bushel of coals can evaporate 11*5 feet of water. 

Here the useful work per hour = 144 x 28 x 3 x 20 x 60. 

Now this work is done by 6'2 ft. of water. 

/, Work of 1 1-5 ft. of water, or 1 bus. of coals = 144 x 28 

X3x20x60x^ = 27 millions nearly, which is called 

the duty of the engine. 

Observation. It has been found, by experiment, that 
whatever may be the pressure at which the steam is formed, 
the quantity of fuel necessary to evaporate a given volume 
of water is always the same. Hence it follows that it is 
most advantageous to employ steam of a high pressure. 

JSx, 6. A train of 100 tons moves at the uniform speed of 
20 miles per hour upon a level ruI, the resistance of friction 
upon the rail is 7 lbs. per ton, the resistance of the atmo- 
sphere 33 lbs. upon the whole train when the speed is 10 
miles per hour, the dilmeter of the driving wheel 5 feet, the 
-4irea of the piston 110 inches, the length of the stroke ^ feet, 
and in addition to the resistances of the preceding questions, 
-the resistance due to the blast pipe is 1*75 lbs. per inch of 
the piston when the speed of the train is 10 miles per hour. 
It is required to determine the pressure of the steam, the 
•evaporation of the boiler, and the number of bushels of coals 
^necessary for a journey of 200 miles, allowing that 1 bushel 
will evaporate 11*5 c. ft. of water. 

Total resistance to the motion of the carriages = 7 X 100 
«f(^)ax33 = 832 1bs. 

Space moved over in 1 revo. of the driving wheel = 5 x 
31416. 

/. Work in 1 revo. = 5 x 3-1416 x 832. 

Work of 1 lb per inch pressure on the pistons in 1 
revo. of the driving wheel = 1 x 1 10 x ^J^ x 4. It will here 
be observed, that the engine has two cylinders, and that 
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each piston makes two strokes while the drinng wheel turns 
round once. 

/• Effective pressure on 1 inch of the piston = 

5x3'1416x832 ^ 22.27. 
110x|x4 

It has been found hj experiment, that the resistance of 
the blast pipe increases with the speed of the engine. 

.% Resistance due to the blast pipe = l'7o x f^ = 3*5 lbs. 

.*. Total pressure steam on the piston = 22*27 H-fx 
22-27 + 3-5 + 1 + 15 =5 45 lbs. nearly. 

Number revo. driving wheel per min. = ^^r — / o i .1;: 

° *^ 60x5x3*1416 

= 112. 

/, Number of strokes of the piston per min. = 112x4 = 
448. 

.'. Volume steam discharged per min. = -J^-J X |^ x 448 = 
456 ft. 

But from the experimental tables 1 foot of water produces 
610 feet of steam at 45 lbs. pressure. 

.% Number feet water evapo. per min. = ^^ = •74. 

As 1 bushel of coals evaporates 11*5 feet of water, 

The number bus. of coals used per min. = -^f-g. 

•*• Number bus. for 10 hours, or the distance of 200 miles 
=:^^x60xlO = 38-6. 

Ex. 7. Kequired the same as in the last example, when 
the speed = 40 miles, diameter of the driving wheel = 6 feet, 
area piston = 120 inches, and the length of the stroke = 
1*5 feet. Ans, Pressure = 60 lbs., nearly ; 1*98 /L of 

water per min. ; 51 bushels, 

Ex. 8. Supposing the weight of the goods and passengers 
moved in the last example to be 40 tons, what would be the 
cost of the transport of 1 ton per mile, due to the expendi- 
ture of fuel, allowing the coals to be 15^. per bushel? 

Ans, about ^ of a farthing. 

Ex. 9. Li a locomotive engine the area of the piston is 90 
inches, the length of the stroke 16 inches, the pressure of 
the steam 50 lbs., the effective evaporation of the boiler -7 
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cubic feet per minate, the diameter of the driving wheel 5 
feet ; required the speed of the train per hour. 

At 50 lbs. pressure 1 foot of water forms 654 feet of 
steam. 

•\ Volume steam formed per min. = 554 x '7 = 387*8 £t. 
Volume steam discharged in 1 revo. of the driying wheel 

/. Number revo. of wheel per min. = ^^ = 116*3. 
.*• Space moved over bj the carriage per min. = 6 x 
3-1416X 116-3 ft. 

* J J , 5xS1416xll6'3x60 

And space moved over per hour = j^^ = 

20*7 miles. 

£x. 10. Required the speedy in the last example, wh^i 
the pressure of the steam is 60 lbs., and the diameter of the 
driving wheel 6 feet. Ans, 21*1 miles, 

Ex. 11. The area of the piston of a locomotive is 80 
inches, the length of the stroke is 15 inches, the pressure of 
the steam 48 lbs., and the diameter of the driving wheel 5 
ft. ; required the effective evaporation of the boiler, so that 
the train may have a speed of 30 miles per hour ; required . 
also the effective H. P. of the engine, and the weight of the 
train, taking the resistances to the motion of the piston the 
same as in Ex. 6. 

No. revo. of the wheel per min. = -zrr — ^ • ,^,^ = 168. 

* 60x5x3*14] 6 

•% No. strokes of the piston per min. = 168 x 4 = 672. 
Load + I load = 48- 15-1 -1-75 x3=26*75. 

.-. Load = ?5:^ii^ = 23-4 lbs. 

.% Effective work per min. = 234 x 80 x | x 672 = 
1572480. 

And effective H. P. = T ^ UUV = 47. 

Now this effective work of the engine has to support a 
speed of 30 miles per hour, or 2640 feet per minute, in the 
train in opposition to the resistances of friction and the at- 
mosphere. 
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WoHi due to the resistance of the atmosphere per rnin. = 
(fj)2 X 33 X 2640 = 784080. 

/. Work due to friction per min. = 1572480—784080 = 
788400. 

Work of friction when the train is 1 ton = 7 x 2640. 

/. No. tons in the trwn = ^ ,^ -r = 42*6. 

7 X 2640 

Vol. steam disc, each stroke = — ^^^ — * 

144 
80x1-25x672 

„ „ permin.= ^^ • 

But, by the table, a cubic foot of water yields 575 feet of 
steam. 

. TC^ C4. ^4f 4. . so X 1*25 X 672 oi 

.', ri^o.it. of water evapo. per nun. = — — = •81. 

JSx. 12. Bequired the same as in the last example, when 
the area of the piston is 120 inches, the pressure of the steam 
60 lbs., and the speed 50 miles. 

Ans, Evaporation = 2*48 ft., H. P. =s 157, and weight of 
the train = 50*3 tons. 

JEx. 13. If the engine in Ex. 11., move the train of Ex. 4. 
Art. IL, what must be the efifective evaporation of the boiler, 
and the duty of the engine ? 

Speed per min. = ~ = 1620 ft. nearly. 

Number strokes of the piston = ^ 3.141^ x 4 = 412. 

Effective work of engine per min. s= 40 X 33000. 
Work of 1 lb. effective pressure per min. = 1 x 80 x -{4 
x412. 

.•, Effective pressure of steam = r;r — rr — 7^^ = 32. 

^ 80 X ti X 412 

.% Pressure steam = 32 + -f x 32 -f- 15 + 1 + ^fij^ X 
1-75 =55-7 lbs. 

The volume 1 c ft. of water in the form of steam at 55*7 lbs. 
pressure is 504 c. ft. 

Number c. ft. steam discharged per min. = :^  x 412 
= 287. 
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/. Number c. ft. water evapo. per min. = UJ = '57. 
Now this water performs 40 x 33000 units of work. 
•, Work 11-5 fu water, or 1 bus. of coals = 40 x 33000 x 



• • 



27 millions, which is the duty of the engine. 
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JSx, 13. Bequired the duty of the engine in Ex. 1., and the 
cost of a horse power in a day of 6 hours, arising from the 
expenditure of fuel, allowing that a bushel of coals cost 4d. 

Ans, 27^ millions fiearh/, and costs 1 ^<f . 

Work developed by the Condensation of Steam. 

24. When water is raised into steam at the boiling tempe- 
rature, or 212°, its volume is increased 1711 times, or a cubic 
inch of water will very nearly form a cubic foot of steanx 
Now if steam at this temperature be allowed to enter the 
lower part of the cylinder, — (See figure to Art. 22.) — then 
the pressure beneath the piston will just counterpoise the 
pressure of the air upon the piston, and a small additional 
force will cause the piston to rise. If, then, the steam be con- 
densed by a jet of cold water, a vacuum will be formed, and the 
piston will be pressed downwards with the whole weight of 
the atmosphere resting upon the surface of the piston. But 
it has been found that a perfect vacuum cannot be formed in 
this way, because water gives off vapour at all temperatures. 
Thus, at the temperature of 150®, the pressure of the vapour 
is 4 lbs. Now if 14*7 lbs. be taken as the mean pressure of 
the atmosphere, upon 1 inch of surface, we shall have, by the 
condensation of steam, upon an average, an effective pressure 
of 14?*7 lbs. — 4 lbs. = 10*7 lbs. upon each inch of the piston. 

£x, 1. Required the work developed by the condensation 
of a cubic foot of water, supposing 4 lbs. to be the elasticity 
of the vapour after condensation ; required also the duty of 
the atmospheric engine using the steam in this manner. 

Volume of the vacuum formed by condensation = 1710 c. ft. 

Pressure on 1 inch of the piston = 14*7 — 4 = 10*7 lbs. 

Nqw if we suppose the area of the piston to be 1 sq. foot, 
the length of the stroke will be 1710 feet. 
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.-. yTork of 1 c ft water = 144 x 10'7 X 1710 = 



And duty or worit of 1 bus. coals = 2634768 X 11-3 = 
SOmillioDS. 

Ex. 2. WBat must be the effective erapontion of the boiler 
of an atmoapheric engine, so that the horse powers may be 30, 
allowing Slbs.ibr the elasdeitjof the viqionrin the condenser? 

Here work of the engine per rain. = 30x 33000. 

Work of 1 c ft. of water = (14-7-3) X 144x1710 = 



.•. Number c ft. of water svapo. per min. = ' ggsi ' doB " 
= •34 

Work of Steam wed etpait$hetg. ' 

28. When steam is used expansively, it is allowed to ent«r 
the cylind^ for only a part of the ktroke, and then, for the 
remaining portion, the piston ia mored by the expansive force 
of the steam. This is the most economical way of employing 
Steam power ; for all the aTailabte work is taken out of the 
elastic vapour before it is condensed. Now when the volume 
of steam, — or any elastic fluid, —is increased, its elasticity or 
pressure is decreased in the same ratio ; that is, if its volume 
is increased two times, its pressure will be one-hatf of wbatit 
was at Snt, and so on. This is called Harriotte's taw. Let 
the steam be cut off when the 

piston is at C D, and let the I 

remaining part of the stroke 
be divided into any even 
number of parts ; then the 
pressure of the steam upon 
the piston when it arrives nt 
the different lines, forming 
the division, may be ascer- 

twned by the law just explained. Let dc, eo, rti, &c,b<; 
lines containing as many units as there are units of pressure 
on the piston at the corresponding points of the stroke, then 
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the work done from A B to C D will be the area of the 
rectangle a d, because this work is the product of the pres- 
sure cdhj the space b d ; the work done from C D to F N 
will be represented bj the units in the curved space c dfk^ 
because the work done from D to ^ is yery nearly the pres- 
sure c d multiplied by the space do^ and the work done from 
^ to f is yerj nearly the pressure o e multiplied by o r, and 
80 on. Now the smaller these intervals are taken the more 
nearly will the areas represent the work. In order to find 
the area of this space we shall employ Thomas Simpson's 
rule, viz. — ** To the sum o£ the extreme ordinates, add four 
times the sum of the even ordinates, and two times the sum 
of the odd ordinates ; then this sum, multiplied by one-third 
the common dbtance between the ordinates will give the 
area.** 

In all the following calculations the pressure of the steam 
in the condenser is taken at 4 lbs. per sq. inch of the piston. 

£x. 1. In a condensing engine the length of the stroke is 
5 feet, the steam is cut off at 2 feet of the stroke, the pressure 
of the steam in th^ cylinder is 48 lbs., and the elasticity of 
the vapour in the condenser is 4 lbs. ; required the work 
performed upon 1 inch of the piston in 1 stroke. 

Let the space through which the steam acts expansi vdy be 
divided into six equal parts, then each interval will be ^ft^ 

and by Marriotte's law, c rf = 48 lbs. ; o e = ^^ = 38*4 

IV ^ 2 X 48 oo lu 2 X 48 «*» j lu 2 x 48 

lbs. ; « r =s — g^ = 32 lbs. ; — — = 27*4 lbs. ; — ^ 

= 24 lbs.; ^^ = 21-3 lbs.; and kf = —^ = 19-2 

lbs. Then by Simpson's rule, 

Area c dkfyOX work done expansively on 1 inch of the 
piston in 1 stroke = 

11 48 + 19-2 + 4 (38-4 + 27-4 + 21-3) + 2 (32+24)j 
= 87-9. 
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Work done before the steam is cut off, that is, from A B to 
CD = 48 X 2 = 96. 

Work done against the piston by the vapour in the con- 
denser = 4 x 6 = 20. • 

/. Total work on 1 inch of the piston = 87-9+96 — 20 
= 163-9. 

Ex, 2. Beqnired the same as in the last example^ when the 
length of the stroke is 8 feet. Ans, 197*2. 

This result is obtained by dividing the space of expansion 
into 6 equal parts. 

Ex, 3. If the area of the piston, in the last example, be 
2400 inches, and the number of strokes per min. 10, how many 
cubic feet of water will the engine raise per min. from a mine 
whose depth is 120 fathoms, neglecting all friction, he. ? 

Ans, 105. 

Ex, 4. The area of the piston of a condensing engine is 
1440 inches, the length of the stroke, including the clearance,* 
is 5 feet, the steam is cut off at 1 foot of the cylinder, the 
clearance is ^ ft., the pressure of the steam is 30 lbs., the 
elasticity of the vapour in the condenser is 4 lbs., the effec- 
tive evaporation of the boiler is -2 c. ft. per minute, and the 
resistances as described in Art. 22. ; required the useful load 
and the useful horse powers of the engine. 

Here, dividing the space through which the steam acts 
expansively into 4 parts, and calculating the pressures by 
Marrlotte's law, we have. 

Work done expansively on 1 inch = J | 30+6-1-4 (15 

+ 7^) + 2 X 10 ]■ = 48-66. 

Now the space through which the piston moves before the 
fiteam is cut off is 1 — ^ = |^ ft. ; and for the same reason 
the total length of the stroke is 5 — J = 4| ft. 

.% Work done before the steam is cut off = 30 x f = 22-5. 

Total work steam on 1 inch = 48-66 + 22-5 = 71-16. 

/. Mean pressure steam = -77=^ = 14-9 lbs. 

» 2 
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But by Art 22^ the resbtances = kad-f^' lottd-^I+4. 

Now these resistances make up the mean pressure of the 
steam. 

.% Load+I load+ 1 +4 = 14*9 ; heoee load = 8*66 lbs. 

One culne foot of water gives rise to 8S& cubic feet of 
steam at 30 lbs. pressure. 

.% Yolume steam discharged per mio. » -2 x 883 = 
176-6 feet. 

Voliune diaefaai^ed at each stroke ss l^^ x 1 s 10 ft, 

/. Number strokes piston per min. = -j^ = 17*66. 

Now the useful work per miiu will be the continued product 
of the load, the area of the piston, the length of the stroke^ 
and the number of strokes made per min» 

.-. Effective H. P. = s-cg^'^^Ox^-?^" »7-66 ^ 

.. ^M«VUT«? x^. a.. 38000 

^ JSx. 5. Required the H. P., as in the last example^ when 
the area of the piston = 2000 inches, the length of the stroke 
= 10 feet, the clearance being neglected, the point at V^ch 
the steam is cut ofiT = 2 feet, the pressure of the steam = 50 
lbs., and the efTective evaporation of the boiler = *8 feet. 

Ans. Useful B. P. = 179-2 

This result is obtained by dividing the space of expansion 
into four equal parts. 

Ex, 6. What must be the useful load when the length of 
the stroke is 10 ft, the pressure of the steam 60 lbs., the 
point at which the steam is cut off If ft, and the useless 
resistances as given in Art. 22. ? Am, 20-2 lbs. 

This result is obtained by dividing the space of expansion 
into four equal parts. 

Ex, 7. What must be the evaporation of the boiler in the 
engine of Ex. 4., when the steam has a pressure of 48 lbs., so 
that the effective H. P. maj be 40. ? 

Proceeding as in Ex. 4., we find the load = 16'5 lbs. 
Effective work in 1 stroke = 16-5 x 1440 x 4-75. 
„ „ per min. = 40 x 33000. 



• • 
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/. Number strokes per min. ==7^7— -^-— --— - = 11-69. 

* J 6 '5 X 1440 X 4*7a 

Volume of steam discharged in 1 stroke = 10 ft. 

„ „ per min. = 10 x 11-69 = 116 ft 

Volume 1 c. ft. water in the form of steam at 48 lbs. = §75. 
.•» Cubic ft. water evapa. per min. = ^\l = -2. 
JSx. 8. Bequired the duty of the engine in £x. 4 
Useful work per mis. = 31-7 x 33000. 
Now this work is done bj the evaporation of '2 ft. of water. 
/. Work of 11*5 ft. of water, or 1 bus. of eoals = 31*7 X 
83000x-^^^^ = 60 millions. Which is the duty oS the engine. 



To find the point of the stroke at which the steam must be 
cut off' so as t9 perform the greatest amotmt efvsork. 

2A* When all tiie refill work tf taken cot of tbe rtean^iti 
pressure, aitfaeendof the stroket, most just beeqval to^ 
pressure of the useless resistances referred to one inch <£ t^ 
piston; tiiat is^ the pressure at the end of the stroke (bj Art 
82.) = I + 4 + -^ \a9A. The load being determined ap- 
proximately, it then remains for ua to find the point at which 
the steam must be cot off, so as to hare its pressure, at the 
end of the stroke, equal to this quantity. 

It wiU xeftdily be seen, thai if the pressure of the steam at 
the end of the stroke were greater than the sum of the useless 
resistances, then its expansion might be carried further, and 
still be doing useful work ; and on the other hand, if its 
pressure, at the end of the stroke, were less than the sum of 
the useless resistances, then the expansion would be carried 
too far, for the steam would be doing less work than that 
which would be destroyed by the useless resistances. 

In our best constructed engines, working with a crank, the 

clearance has been reduced to a very small fraction : hence in 

calculations of this kind, this element may be neglected 

without incurring any sensible error. 

Ex, 1. The length of the stroke = 5 ft., the pressure of 

I) s 
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the steam =: 30 lbs., the useful load = 8*4 lbs., and the use* 
less resistances as described in Art. 22. ; required the point 
of the stroke at which the steam must be cut off to yield all 
its useful work. 

Here, the useless resistances = 1 +4+t of 8;4 = 6*2 lbs. 
The pressure of the steam, therefore, at the end of the stroke 
must be 6*2 lbs. Let x = the point of the stroke where the 
steam must be cut off so as to have this pressure at the end 
of the stroke ; then, by Marriotte's law, 

30 X :r = 6;2 X 5, A x =1-033 ft. 

Obs, In this example we have assumed the useful load, 
but this ought to be verified.* 

Ex, 2. Required the same as in the last example when the 
load is assumed to be 9*1 lbs. Ans. 1-05 /t. 

Ex^ 3. The length of the stroke = 10 ft., the pressure of 
the steam = 40 lbs., and the resistance of the vapour in the 
condenser, together with the friction of the engine = 5 lbs. 
per sq. inch of the piston ; required the point at which the 
steam must be cut off so as to yield all its available work. 

Ans. ^ft, 

Ex. 4. The length of the stroke = 8 ft., the pressure of 
the steam = 36 lbs., the. pressure of the vapour in the con- 
denser = 3 lbs., and the total resistance of friction = 2 lbs. 
per sq. inch of the piston ; required the same as in the last 
example. Ans. l%fu 



TRANSMISSION OF WORK BY SIMPLE 

MACHINES. 

27. The object of machinery, properly so called, is to re- 
gulate the distribution, or change the direction of work, — 

* The author first gare this method in the Mechanics' Magazine for 
1844. 
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* 

not to increase it. If there were no friction or any other 
resistances to the motion of the pieces composing a machine, 
the work that would be given out would be exactly equal to 
the work applied. Dead matter, by its gravity, produces 
pressure, and by the intervention of mechanism that pressure 
may be increased or decreased, but work is peculiarly the 
production of active or living agents. To suppose that 
machines are capable of augmenting work, would be endow- 
ing inert matter with a creative power, — the power of 
creating work. It is true that man, in a certain sense, 
creates work by mechanical combinations, when he turns the 
mountain stream to drive a wheel, or to form a canal ; but 
here, the true source of the work is the heat of the sun. In 
all instances of labour, performed by inanimate matter, there 
is some active agent of nature, such as heat, electricity, or 
gravitation, which gives tiae to the work ; but, in the case of 
merely mechanical arrangements, the inert matter is the pas- 
isive recipiezit of work, or the channel through which it flows: 
hence we may lay it down as a fundamental axiom in me- 
chanics, that (abstracted from friction and the resistance of 
the air) the work done by any machine is the same as the- 
work applied, Now as the work is the product of pres- 
sure and motion, it follows that if the working point of a . 
machine moves more slowly than the driving point, then the- 
pressure at the former will be greater than it is at the latter^ 



_ * 

The Lever. 

28. Let P W be a rod, or lever, turning upon the fulcrum 
or centre F ; P and W are weights which balance each 
other* or maintain the lever in equilibrium ; then when this 
isthecase,PxPF=:WxWF, that is, the units of weight 
in P multiplied by the units in its distance from F, will be 
equal to the units of weight in W multiplied by the units in 
its distance &om F. 

» 4 
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Here P is called liie power, aod W the p ^ 

weight or iwi^taiioe, «»d a iDechaaicid o 1— O 

advietage is guned, iioasoiach as a anall 
weight or pi^ssnre is used to bdanee a large one. The pro- 
duct of aay wdght by its distance from tte centre of BMrtion, 
or fulcrum, is called the moment of that weight, and, there- 
fiare, when the sum of the moments tending to torn the leF<er 
in one direetioo, is equal to ihe sum <^ the momeiuts tending 
to turn the lever in the opposite direction, then the lev^r 
wiM be m equiiihrium. This is a particular case of the 
principle of the equality oi niom^its. 

Proef. Si^ose two imsform han^ I D and D €^ to be 
suspended from their centres r aad 
jr, by means of cords attached to the 
points A and B of the lever S B, 
tunsing vpom tifte &lcrum F, which 
must evictendy be in the middle of 
B S, or over the middle of I O, in 

order to secure eqnilibrinm. Let the weight of the bar I D 
£=4lb&, and l^e weight of D€ s^lbs., Isben IJ^ will 
contain four units of length, and D C six <^ these nnits. 
Now it is oflmous, from the figure, that A F, the distaiioe 
at wMch \ D acts from the fukrum, will ooiri»in 3 units, and 
B F, Idle distance at which D C acts from the fulerum, will 
contain 2 mA\& ; then since it appears that a weight of 4 lbs., 
suspended at A, balances a weight of 6 lbs., suspended at B, 
we therefore have the following relation when equilibrium 
takes place : 

4lbs.xd =s61b6.x2, that is, 
Wt. at Ax A F s= wt at B xB F. 

In piiecisely the same way the propositian may be e^a« 
Uished far any other jcase. 

Levers are divided into three kinds : 

First kind of lever. The power and weight are on ^po» 
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site sides of tbe fulcrum. 
Here S B is tte lever, F the 
fulcrunk or centre of motioD, 
F Ifae power a^ng at A, and 
W tbe w^^ attaebed to 
the point B. A OTOw-bar, a 
da.w haBHiara', tbe bjudle of 
a common pomp, a pair of 

scissors, a £re poker, &c., belong to the first kind of lever. 
And in all tlieM instances a medtanictJ advwtage is given 
to the poTper, whenever the ahn A F by which it acts is 
longer than the arm B F by which the wdght acts. Thus, 
if A F is twice B F, the advantage gained will be 2, that 
is, 5 lbs. at A will balance 2 times S lbs, or 10 Iba. at B- 
Thus, if A F is three times B F, the advantage gained will 
be 3, that is, 7 lbs. at A will balance 3 times 7 Ihs. or 21 lbs. 
at B. Or generally, as many times -as A F is longer than 
B F, so many tintes will W he greater Uian P. This imme- 
diately results from the principle of equally itf moments 
given in the preceding pan^rapha- 

Second kind of lever. The wdght is between the fulcrum 
and the power. Here W is the 
weight, F the fulcrum, and P 
the power. The oar, nut- 
crackers, the bread-knife, the 
rod of a safety-valve, (see fig. 
Art. 31.), &c., belong . to the 
second kind of lever. And in 
all these instances, a mecha- 
nical advantage is given to the power in the aame way as in 
the lever of the first kind. Thus, if A F is three times B F, 
tbe advantage gained will be 3 ; therefore, a ibroe of 4 lbs. 
applied at A will balance a weight of 3 times 4 lbs. or 12 lbs. 
atB. 

T%ird bind of lever. The pow«r is between the folcmm 
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and the weight. Here F is the 
power, F the fulcrum, and W 
the weight. The fire-tongs, 
the sheep ehears, the limbs of 
animals, &a., are inatonces of 
the third kind of lever. Here 
the power most be greater th^tn 
the weighty because tbe distance 
A F, at which the former acts, 
ia less than the distance B F, at which the latter acts. 

Ex. 1. Let W = 80 lbs., W F = 3 inches, and P F = 1& 
inches ; required P. See flg. page 56. 

Here by the eqnaliQ^ of moments, 

Px 16 = 80x3, .'. P =: S^ = 15 lbs. 

.Er. 2. Let WsMlba., "W F = 4 inches, and P= 15 lbs.; 
required P F. 

15xPF = 90x4, .-. P F = 24 inches. 

£x. 3. A man exerts a pressure of 80 lbs. upon a crowbar 
at a distance of 4 fL from the fulcrum, what weight will he 
balance at the distance of 4 inches from the fulcrum ? 

Wx4 = 80x48, .-. W=9601bs. 

Or thus. In this example, the leverage of the power is 
12 times the leverage of the weighty for 4 ft. are 12 times 

4 in., therefore W will be 12 times P, that is, W t= 12 times 
80 lbs. = 960 lbs. 

Ex. 4. In a lever of the second kind, W =20 lbs., B F = 

5 in., and A F = 25 in. ; required P. 
HerePx25 = 20x5, .•.P = 41b8. 

Ex. 5. In a lever of the second kind, P = 6 lbs., W = 
72 lbs., and B F = 3 in. ; required A F. 

6xAF = 72x3, .-. AF = 36in. 
JEr. 6. In tt lever of the third kind, W = 28 lbs., B F = 
20 in., and A F = 7 in. ; required P. 

Px7 = 28x20, .-. P = 801bs. 

Ex. 7. In a lever of the first kind, 5 and 8 lbs., are placed 

on one side of the fulcrum, at the distances of 4 and 2 in. 

l«Bpectiyel}' from the fulcmm ; required the power P, acting 
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at the distance of 12 in. &om the fulcrum, to maintain equi- 
librium. 

The efficacy of the 5 lbs. to turn the lever will be its 
weight multiplied by its leverage, or 5x4; and the efficacy 
of the 8 lbs. to turn the lever will be its weight multiplied 
by its leverage, or 8x2. Now the sum of these two 
moments, or tendencies to turn the lever, wiU be equal ta 
the moment of P, or P x 12, tending to turn the lever in the 
opposite direction. 

.% Pxl2 = 5x4+8x2; /.P = 3 lbs. 

Ex, 8. In a combination of three levers of the first kind^ 
the long arms P F, AC, and 

B I, are 9,, 10, and 12 in. re- p f a V b i w 
spectively, and the shoii^ arms 1 ^ ^ ^1 

F A, C B, and I W are 3, 2, 

and 4 in. ; if a pressure of 5 lbs. be applied at P, what 
weight will be supported at W ? 

Here in the lever P A, the pressure produced at A = $ x 
5 lbs. = 15 lbs. In the lever A B the pressure produced 
at B = \p X 15 lbs. = 75 lbs. And in the lever B W the 
pressure produced at W == ^ x 75 lbs. = 225 lbs. 

Ex. 9. Required W, as in example 3., when the pressure 
of 60 lbs. is exerted at the distance of 6 ft. from the fulcrum, 
and the weight W is at 3 inches. Ans, 1440 lbs. 

Ex, 10. What is the mechanical advantage of the lever in 
the last example? Ans. 24, because the weight is 24 

times the power. 

Ex, 11. In a lever of the second kind the power acts at 
5 ft., and the weight at 2 in. from the fulcrum ; required 
the power necessary to balance a weight of 4 cwts. 

Ans. 14-9 lbs. 

Ex, 12. At what distance from the fulcrum must the pres- 
sure in Ex. 3. be applied, so as to support a weight of 5 
cwts. ? Ans. 28 itiches* 

Ex. 13. In a combination of three levers of the first kind, 
the long arms are 2, 3, and 5 ft. respectively, and the short 

s 6 
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arms 4, 6, and 2 inches respectivelj ; if a pressure of 8 lbs. 
be applied, what weight will be balanced ? Ans. 3*8 tons. 

Ex, 14. In a lever of the first kind a weight of 4 lbs. is 
placed at the distance of 3 inches from the fulcrum, and on 
the same arm another weight of 7 lbs. at the distance of 5 
inches ; where must a pressure of 3 lbs. be applied to balance 
the lever? Ans. 15f inches from thefulcrufn. 

Ex. 15. Let P F and W F be the arms of a false balance, 
a certain weight Q weighs 16 lbs. when put into the scale 
attached to the long arm, and onlj 9 lbs. when put into the 
opposite one ; required the true weight of Q. 
. Here by the equality of moments, we obtain two equa- 
tions, 

QxPF=16xWF; QxWF = 9xPF. 

Multiplying these equations together, and then striking 
out the common factors, we have, 

Q2= 16x9, /. Q=121bs. 

The principle of Work as applied to the Lever. 

29. Let P F = 5 ft., W F = 1 ft., and P = 2 Ibs^ re- 
quired W. See fig. page 56. 

Now in order to raise TV one foot, P must descend 5 feeti 
because P F is 5 times W F, hence we have, 

Work ofP = 2x5; Work of W=: Wxl. 
/. Wx 1 = 2x5, and W= 10 lbs. 
This result is evidently the same as that which would be 
obtained by the preceding method* Assuming the equality 
of moments, we may readily establish the principle of the 
equality of work, and conversely. 

The Lever when its weight is taken into account. 

30. The tendency of a uniform beam or lever, S B, to 
turn upon the fulcrum F, is just the same as if the whole of 
its weight were collected in its middle point, or centre of 
gravity C. See fig. to liie lever of the second kind. 
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For if the pr^[K>iideratiiig side, S F, be hung from a cord 
A P placed so that A S = F B, then this cord will sustain 
one half of the weight of the beam. Now if the whole 
weight of the beam were collected at C, it would ^oduce 
precisely the same strain upon the cord, therefore the beam 
acts as if the whole of its weight were collected in ijts middle 
point. 

Ex, 1. The weight of a lever of the first kind = 4 lbs., the 
length S R = 68 in., S F = 60 in., A F = 50 in., B F = 
3 in., and W = 168 lbs. ; required P in order to maintain 
the lever in equilibrium. 

Here the weight of the lever, acting in its centre of gravity 
C, co-operates with tiie power. Now, CF = SF--SC = 
60—^ of 68 = 26. Thea bj the equality of moments, we 
have, 

Px50+4x26= 168x3; A P = 8 lbs. 

Ex. 2. The weight of a lever of the first kind = 2 lbs., 
S R = 30 in., S F = 24 in., A F = 20 in., B F = 4 in., and 
"W = 92 lbs. ; required P. Ans. 17-5 lbs. 

Ex, 3. Required P, in Ex. 1., when it acts at the extre- 
mitj, S, of the lever. Ans. 6f lbs. 

Ex. 4. Where must a power of 10 lbs. be applied to Ihe 
lever of Ex. 1. ? Ans. 40 inches from ^fulcrum. 

Ex. 5. The weight of a lever of the second kind = 3 lbs., 
SR = 20in., SF= 16, AF=: 14 in., B F = 2 in., and P 
= 60 lbs. ; required W. 

In this example the weight of tiie lever acts with W, hence 
we have, 

Wx2-f8x6 = 60x14; .•.W= 411 lbs. 

Ex. 6. The weight of a lever of the second kind = 2 lbs., 
S R = 18 in., SF=r 14 in., A F= 13 in., B F = 5 in., and 
P = 50 lbs. ; required W. Ans. 128 lbs. 

Ex. 7. In the last examine, if W = 150 lbs., where must 
it be applied ? Ans. 4*26 inches from tkefulcrwn, 

Ex. 8. A lever of die first kind is 3 ft. long, and weighs 
16 lbs. ; a weight of 2 ewts. is placed at oneextremity of the 



v 

62 EXERCISES m MECHA27ICS. 

lever at the distance of 4 inches from the fulcrum. Where 
must a pressure of 30 lbs. be applied to balance the lever. 

Ans. 22*4 inches from thefulcrunu 

Ex. 9. A beam B S, whose weight is 2 cwts., is supported 
by props at A and F, and a weight, W, of 12 cwts. is placed 
at B; it is required to determine the pressures upon the props, 
when R S = 40 ft., FR = 2 ft.,B F= 10ft., and A F = 30 ft. 

See fig. to the lever of the second kind. 

Let C be the centre of the beam, then C R = J of 40 = 
20, C F = 20-2 = 18, 

And supposing the beam to turn upon F as a fulcrum, we 
have. 

Pressure on Ax 30 =12 x 10+2 x 18 = 156. 

.•. Pressure on A = V^® = 5*2 cwts. 

Now as the two props support the whole weight, or 14 cwt^ 
we have, pressure on F = 14 — 5*2 = 8;8 cwts. 

Ex, 10. Required the same as in the last example, when 
£ S = 50 ft. An$. 5-53 and 8'47 cwts^ 

To graduate the Lever of a safety Valve, 

3L The safety valve is intended to secure boilers from 
bursting by the elastic force of the steam. A F is a gra«- 
duated lever of the second kind, turning upon F as a centre ; 
V is the valve opening or closing, as the case may be, the 
communication of the steam in the boiler with the external 
air; the lever A F rests upon the pin of this valve, and a 
sliding weight W is suspended from the lever, thereby 
enabling the engine-man to place any amount of pressure 
upon the valve, — ^this pressure measures the elasticity of the 
steam when it begins to escape. In order to graduate the* 
lever, we must first find the sliding weight W, placed at the 
extremity A, so as to sustain the greatest pressure of the 
steam ; we then proceed to find the position of this weight to 
give any proposed pressure in the steam. 

Ex. 1. The length A F of the lever is 20 inches^ the dis^ 
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tonoe, Q F, between the pin of the valve, V, and the ful- 
crum, F, is 2 inches, the weight of the valve is 4 lbs., the 
weight of the lever 5 lbs., and the section of the valve is 6 
Bq. inches ; it is required to find the load W, so that when it 
is placed at the extremity of the lever, the steam may have 
a pressure of 50 lbs. per 
square inch. 

Here total pressure of 
Bteam upon the valve = 
fiO X 6 lbs. 

.-. Effective pressure 
upon the lever = 50 x 6 — 
4 =296 lbs. 

Now the weight of the 
lever will act in its middle point, C ; hence we have, 

Wx20+5xlO = 296x2; ,-. W = 27-1 lbs. 

Ex.2. At what distance from the fulerummnsttheloadio 
the last example be placed, so that the steam may have a 
pressure of 30 lbs. per sq. inch? 

Let D be {he required position of the load. 

Effective pressure of the steam upon the lever ^ 30 x 6— 
4 = 176 lbs. 

.'. 271 xDF+5x 10= 176x2; .-. D F= ll-I inches. 

This distance, therefore, gives the position of the load when 
the pressure of the steam b 30 lbs. ; proceeding in the same 
way the pomtion may be determined for any other pressure. 

Ex. 3. Bequired the positions of the weight, in Ex. 1., so 
tLat the steam may have the pressures of 40 and 20 lbs. 

Ant, 15-5 and 6*7 inchafrom thefvicrum 

3Z. A board whose weight is neglected, turns upon the 
centre 0, P and W are weights suspended irom the points C 
and D ; it is required to find the conditions of equilibrium. 

As every point in the cord D W has the same stretch or 
tension, we may drive a pin through the cord at I, in the 
horizontal line I A, without altering the equilibrium, and 
the same thing may be done with the cord C F, then I and A, 
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being now the points of suspension, the case 
proposed is reduced to that of a simple 
lever, and therefore the equation of equi- 
librium wifl be WxO I=PxO A. Now 
it is no matter how the tensions of the 
cords D W and C P are produced : hence 
if we call the weight, me ]H«ssure, W, 
multiplied hf the perpendicnlar O I, the 
moment of W, then it follows when equi- 
Hbriam takes plao^ that liie moments tending to turn tiie 
hodj in one diiectioB, will be equal to the momenta tending 
to torn tbib hodj in tibe contniy direction. This propositi<m 
expresses the pandple of tiie equalitj of mom^its in its 
general form. 

We maj regard the pei^>eD&ular upon the direction of s 
force, as the virtual lever by which that force acts. In a bent 
levevy DOC, fw example, we have merely to consider the 
perpendiculars O I and O A upon the directions of the 
forces, as the virtual distances at which they act from the 
fulcrum. 

-Er. 1. Inabentlevw the perpendicular O A on the direc- 
tion of P is 2 ft, and O I upon the direction of W is 3 
inches ; required P when W is 160 lbs. 

Here, Px24 = 160x3 ; /. P =a 20 lbs. 

Ex. 2. The laigtii of a claw hammer is 9 inches, and the 
distance of the nail from the head of the hammer is 1^ inches; 
what advantage has the power in drawing the nail ? An$* 6. 

Ex. 3. A lectangcdar embankment k B (See fig. p. 24.) is 
being overturned upon A as a centre, by a force P perpen- 
dicularly ^plied at the upper edge, it is required to determine 
the foi«e P, when A A = 10 ft, A B = 4 ft, the length » 
20 ft, and the weight of a cubic foot of the material s= 1 00 lbs. 

Here A k will be the perpendicular upon the direction of 
P, and therefore the virtual lever of P ; and |- A B = 2 ft 
will be the virtual lever by which the weight of the mass acts. 

Content embank, ss 4x 10x20 = 800 c ft. 
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. Weight eiiibBnk.= 800 x 100 == 80000 lbs. 

llten by the equality of moments, 

PxlO= 80000x2i .-. P = 16000 lbs. 
. Ex. 4. Required the same as in the last example, when the 
material is a. cube, whose side is 4 ft. Ant. ^ZOOlbs. 

Ex. 5. A rope A D supports a uniform pole O D, restiiig 
on the ground at 0, and canning the weight W, suspended 
&om D; it is required to determine the tension of the rc^e, 
when O D=40 ft, A 0=20 fL, A D=50 ft, W= 80 cwta, 
and weight <^ 0D = 2cwts. 

Het« O D awf be regarded as a leyer, turning on as a 
centre. 

Draw P p«p»dicular to A Di " 

andCR aTcrtic^Hne passing Enough 
the centre of gravit; C of the pol^ 
then the moment of the force stretch- 
ipg the rope, will be equal to the 
sum of the moments of the load and 
the weight of the pole, that is, 

Tensioacord x O P = WxO N+wt polexOE. 

We now proceed to find the perpendiculars OP, ON, and 
B. In order ta do this in the most single manner, it will be 
observed, that since the three sides of the triangle A O D 
are given, the area maj be found bj the common rulc^ which 
we find to be 360 sq. fit. nearly ; but the area is also expressed 
, A D » O P 
^ 2 • 

.-. ^""^ = 380, and O P = 15-2. 

In Eke manner, ^"J^*' = 380, and D N = 38. 

But ON = V40»-88» = 12-5, .-. 0E=^ rfl2-6 = 6-2. 

/. Tension cordxl5-2 = 30 xl?;5 +2x6-2. 

,". Tension cord = 25'4 cwts. 

Ex. 6. Required the weight W, in the last exarafde, neoe«- 
saiy to bfeak the cord A D, when it can just sustain a weight 
of dO^yTts. Amt. 35*4 ctoU. 
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Ex. 7. Required the tension of tbe cord A D, when its posi- 
tion la horizontal, O D = 50, D N = 40, W = 15 cwts., and 
the weight of D = I cwt. Ans. 1 1 '6 cwta. 

Ex. 8. If the centre of gra-vily of the pole, in the last 
example, be 12 ft. from the lower extremity; required the 
position of the pole when the cord will break, supposing it 
capable of sustaining a weight of 12 cwts. Ans. Ns= 30-9. 

JEx. 9. A platform A B, turning 
upon a hinge at B, is supported from ' 

falling by means of a chain A D, fixed 
to a book D in the same vertical line 
with B, A weight of 6 cwts., ia placed 
on the platfcom at Q; it is required 
to determine the force tending to 
break the chain, when the weight of the platform ^ 2 cwts., 
AB = 6ft.,QB = 5ft.,andBD = 8fl. 'Ant.7-5 ctole. 

Hers A B ia a lever turning upon B as a centre. Ilie 
pressures tending to more the lever dowrtteards are the 
weight Q, acting with the leverage Q B, and the weight of 
the platform itself acting in the middle point C. The pres- 
sure moving the lever ttptoardt is the force stretching the 
chun A D, acting with the virtnal leven^e B 0, the perpen- 
dicular let fall upon A D. J^ow, as these forces balance 
each other, we have by the equality of moments. 

Tension chain xB 0=weightQxQB+weight platform 
X C B. From this equation any torn may be found, when 
all the others are given. In the prc^>osed queadon we have 
to find the tension of the chain ; for this purpose, we have, 
weight Q = 6 cwtfl., Q B = 5 ft., w«ght platform = 2 cwts., 
and C B = J of 6 ft. = 3 ft. To find B 0, we have, A D= 
V6^^^8>=10. Area triangle A B D = i^^^-^ J but this 

area is also = -j-, .*. — ^ = -j-, and .■. B O = 4*8. 

Kow substituting these values in the equation of equilibrium* 
we have, 
Tenuon chain x4*8 = 6x5+2x8, 
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Tension chain = 7'5 cwts. 

When there are two chains supporting the phitform, then 
the tension of each = -J- of 7*5 = 3'75 cwts. 

Ex, 10. Bequired the same as in the last example, when 
AB = 3 ft., Q B = 2 ft, B D = 4 ft., weight Q = 8 cwts., 
and weight platform ss 1 cwt. Ans, 7*29 cwts, 

Ex. 11. Bequired the tension of the rope, in Ex. 5., when 

D = 20 ft., A O = 10 ft., A D = 25 ft., W = 20 cwts., 
and the weight of the pole O D = 2 cwts. Ans. 17*3 cwts. 

Centre of Gravity, 

33. Every heavy body is composed of an indefinite number 
of particles, each of which is acted upon by the force of gravity 
in a direction perpendicular to the horizon. The sum of all 
these parallel forces is evidently the weight of the body. Now 
there must be a point, where a single force, equal to the 
weight of the body, being applied, will produce the same effect, 
as the force'of gravity acting upon the various particles com- 
posing the body ; — this point is called the centre of gravity 
of the body. From this definition it immediately follows ; 
1. That if the centre of gravity be supported, the body will 
stand, and vice versd, 2. That the centre of gravity of all 
symmetrical, or regular, bodies is in their centre of magnitude. 
3. That if any body, acted on by the force of gravity, tend to 
turn a lever, we may regard the weight of the whole body to 
be collected in its centre of gravity. 

Ex, 1. Let A, B, and ^9 ^ y A "B G C 
three bodies in the same right | i i 

line, it is required to determine the ^ 
position of their common centre 
of gravity G with respect to any assumed point F, when A == 

1 lb., B = 2 lbs., C = 31bs., AF = 5, AB = 4, andB C=6. 
Let us suppose that an inflexible rod, without weight, passes 

through the bodies, and that the system turns upon F as a 
fulcrum ; then as the whole mass may be regarded as acting 
in the point G, we have by the equality of moments. 
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F G (1+2+3)= 1x5+2x9+3x15; 

.\ FG=:lli. 

Ex. 2. Required the same as ia the last example, when 
A = 2 lbs.» B= 41bs., C = 8 lh&, AF =. 1, AB = 3, and 
BC=ia An8.F G=i9-2. 

Ex. 3. Befoired the position of the eeatee of gnuritf of two 
weights'P and W (Seefig. page 56.) whoaetira^hta are 2 and 
dibs. respeettTeljy and distanoes apart 20in. Am, 12iiii,Jrom]P. 

34. The eeatre of gravitj of a trian^ Let A B he a 
triangle having the vertex C ; bisect the base A B in the 
point Y, and the side B C in tiie point N ; join the points 
O and Yy A and N, Y and N» and pot G at the point vkere 
C YaadAKxateneety — thenGwiUliellieeeBtreefgraviij 
of the triangie. From the deaeriptiiHi here gi¥e% tiie figusra 
soxf be vea^7 conalnieted. 

The triangle will be balanced upon an edge Ijing along the 
line C Yy beeftuse it will divide equally aU lines drawn peraUdl 
to AByhmee theeentreof gravilj-mast liemlheline C Y. 
£c»r the same reason it wHlalao Me in the line A N, and there- 
fore il must be in the point 6. Now Y N = ^ AC» beeanse 
the triangle Y N B is simply the triangle ABC constmcted 
on dne«half the seale. Agai% the triai^le Y G N ia simplj 
the triangle A 6 O constmcted upon <»e-half the scaLe, (sinee 
they are equi-angnlar, and Y N =3 ^ A C) therefore YG =: 
}^ G C» or if Y G be dividedinto S equal parts^ Y G will eon- 
tain one of them. Hence» the distance of the c^itre <tf gravit j 
of a triangle from the base, is ^ the Ovation* 

Similarly it may be shown that the centre oi gravity of a 
pyramid is at ^ the elevation. 

35. The centre of gravity of any fournsided figure may be 
determined, by first drawing one diagcmal and finding the 
centra of gravity of each of the triajB^les thus formed, then the 
eentre of gravity of the whole %ure must lie in the line 
joining liiese two points ; in like manner^ by dxawing the other 
diagonal we detomoine another Hne in which the eenire of 
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grantj musl lie; then the intersectioii of these two lines will 
give the centre of gravity of the whole figure. 

3fi» A hodj will be more or less atahle, according as it takes 
more or less worky to brix^ the line of djarection,. or a vertical 
line passing through the centre of gravity, without the base. 
See Ex. 7. Art. 12. In general the lower the centre of gravity 
of a body i8» the mare stable it will be* Thus a boait is less 
liable to be ov^tomed, when the pasfiengera are sitting than 
when they are standing* Hence it is^ als^^y that a pyramid is 
the most stable lanok for a straeture. 

37* Let A, By &a beanj number 
of bodies lyii^ hi the same hoREOO* 
tal i^ne ; it is reqnircdio deteemiae 
the poeitioii of the oentie of g^vity 
Gry referred to two Mnes X and 
O Y» pevpen^oular to eaeh othesrt 
and called ajbss of co-ioidinates^ 

Cbnodve the bodiea to be eon* 
nected with the axis X, by the peKpeadicolar rods A <^ B 6, 
&c.> then the sum of tlie moments ^ the bodies, tending to 
tKCB xovnd cm Hie axis O X, wiU be the same aa the moment 
dl the whole maas, collected in the centre of gravity G. From 
this eqiudky theif»tonic« of G from O X is obtained. In pre** 
cifldy &e same way» we find the dOttanee of G &om O Y^ and 
hence the poini G becomes known. After the same manner 
the emitie of gravity may be determined, when the bodies are 
relerred to three co«oidinate planes* 

Ex. 1. The weights of three bodies, A, B, and C, are 5, 6, 
and 8 lbs. respectively ; and their distances from O X, ^ 4, 
and 7 ft, and from O Y, 2, 9» and 10 fL respectively ; re- 
quired the position of the comm<m centre of gravity. 

Let X and y be the distances from O X and Y respect- 
ively, then, 

(5 + 6+8)a? = 5x3+6x4+8x7; /. x = 5ft 







(5+6-|-8)y«5x2+ex9+8xl0j .\y=7-5ft. 
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JEx. 2. Eequired tbe same as in the last example, when the 
weights of the bodies are 1, 2, and 3 cwts. Ans, S^andS^ft, 

For further information on this subject see Moselej's 
Engineering, or Poisson's Mechanics. 

Wheel and Axle, 

38. This useful machine is only another form of the lever, 
where the power is made to act without intermisdon ; in its 
most simple form, it consists of a large wheel, A, and a cylinder, 
or axle, B, both of which turn upon the same axis, O. If the 
wheel. A, be turned round by a power, P, applied to it, the 
axle, B, will coil up the rope by which the weight W hangs. 
The lever by which P acts is evidently A O, and that by which 
W acts is B ; hence we have, when these weights, or pres- 
sures, balance each other, PxOAssWxOB. 

If the wheel be displaced by a handle, then the machine is 
called a Windlass. Sometimes the handle is made to turn a 
series of wheels acting on each other by means of teeth ; when 
the machine has this form, it is called a Crane. 

We proceed now to consider the equili- 
brium, on the principle of work. 

While the wheel makes one revolution, 
the axle also makes one. In one turn P 
descends a space = 2 x OA x 3*1416, 
and W ascends a space = 2 x O B x 
3-1416. 

.-. Work of P in 1 revo. =« 2 x O A 
X 3-1416 X P. 

Work of W. in 1 revo. = 2 x O B x 3-1416 x W. 

Then as the work done (abstracted from friction) is equal 
to the work applied, we have 

2 X O A X 3-1416 xP = 2xOBx 3-1416 x W. 

/. P X O A = W X O B, 
which is the relation already established. Conversely assum- 
ing thfe equation of equilibrium, we may establish the princi- 
ple of work. 

Hx. 1. The handle of a windlass is 2 ft., the radius of the 
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axle is 2J inches, and the power applied 80 lbs. ; required 
the weight which would be raised were there no Jrictjon. 
Work of P in 1 revo. = 80 x 4 x 3-1416. 

„ W =W X 1^ X 3-1416. 

.*. W X -^ X 3-1416 = 80 X 4 X 3-1416; and W = 
768 lbs. 

Or thug, hy the pnnciple of the lerer, 
80 X 2 X 12 = W X 2^; .". W = 768 lbs. 
Ex. 2. What mnst be the diameter of the axle in the last 
example, so that the weight raised may be 500 lbs. Ans.-6ift. 
Ex. 3. If a man exert a pressure of 60 lbs. apon the handle 
of a windlass, what weight will he raiee, when the length of 
the handle is 2 ft., and the radiusof the axle 3 in ? Jju.^mUis. 
Ex. 4. What is the advant^e of pressure gained by the 
machine of the last example ? Atu. S. 

Ex. 5. In example 3., if \ of the power is consumed by 
friction, what weight will then be raised? Ans. ^W^Un. 
Ex. 6. Bequired W in Example 1., when the thickness of 
the cord is 1 inch, supposing that \ of the work applied to be 
lost by friction and the rigidity of the cord. 

Here the cord increases the radios t& the axle by ^ inch. 
.-. Work of W in 1 revo. = W x i^ X 3-1416. 
Effective „ P „ =|x80x4x3-1416. 

.-. by equality, W = '°''^'' - '' = 548 lbs. '"'''■ 

Cogged or Toothed Wheels. 
Let D be a cogged wheel taming upon the same axis as 
the wheel C ; Q another cogged wheel, acted upon by the fmf- 
mer, and turning upon the 
flame axis as the axle I. 
Fr(»n the wheel C is sus- 
pended the weight P, and 
from the axle I the weight 
W ; Uien while P descends, 
the wheel C and the cog D 
will be turned from right to 
left, bnt as every tooth in 
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the cog D IB being turned rounds a corresponding tooth ia 
the cog Q win be turned in the contrary direction, and thus 
the cord I W will be c6iled up upon the axle I, and the 
weight W will be raised. 

Ex. 1. Let P =1 30 lbs.9 the diameter of the wheel C = 
2 ft., the number of teeth in D = 8, the number in Q = 66, 
and the diameter of the axle I = ^ ft. ; reqtdred W in order 
that equilibrium may take place* 

For every turn of the wheel, C, 8 teeth c^ the wheel Q 
will be turned round, therefore as many times as the number 
of teeth in D can be taken out of the nun^r in Q, bo many 
turns will the cog D make while the wheel Q makes one. 
Let the axle I and wheel Q make one revolutiouy then the 
niunber made by the wheel C s= 56 -^ 8 ss 7. 

/, Space moved over by W =s J x 3*1416* 
„ „ „ P = 2 X 31416 X ?. 

/. Work due to W = i X 3-1416 x W. 
„ „ P = 2 X 3-1416 X 7 X 30. 

/. i X 31416 X W = 2 X 3-1416 x 7 x 30. 

.-. iW = 2 x7 X 30; andW=:=16801bB. 

JEx. 2. In a crane the length of the handle or radius of 
the wheel C is 1*4 ft., the number of teeth in the cog D is 6, 
the numb^ in the wheel Q is 30, and the diameter of the 
axle I is ^ ft. ; if a pressure of 60 lbs. be applied to the 
handle, what must be the weight raised ? Ans. 2520 lbs. 

JEir. 3. Let P = 1 lb., radius of O = 20 in., radius D == 
4 in., radius Q = 30 in., and radius I ==: 2 in. ; required W. 

Here the machine consists of two levers. The advantage 
gained by the first = »^ = 5, therefore 1 lb. applied at A will 
produce a pressure of 5 lbs. upon the teeth of the wheel Q^ 
The advantage gained by the second lever = y = 15, and 
therefore a pressure of 5 lbs. on the teeth of Q will produce 
a force of 15 times 5 lbs. = 75 lbs. at the circumference of 
the axle I; therefore W = 75 lbs. The advantage gained, 
in this case, will be 75. 

Ohs, In this calculation friction is neglected, and it is also 
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presumed that the teeth' are small cis compared wltlt tlia 
xadii of the wheels. 

Ex, 4. What must be the number of teeth in the wheel 
Q of Example 2., so that a weight of 2 tons may be rtused ? 

Ans. 53 nearly. 

Compound WTieel and Axle. 

39. In the common wheel and axle, diere is a practical 
limit to the power of the machine ; for we can onlj increase 
the power by increasing the size of the wheel, or by decreas- 
mg the radius of the axle. Now in the compound wheel and 
asle, a given power may he 
made to rwae any weight 
whatever. This machine coa- 
aists of two axles A and C, 
cut upon the same block, roudd 
which a cord coils in opposite 
directions ; this eord pat 
round the moveable pulley, D, which carries the weight W, 
Kow when the handle is turned in the direction of the 
arrow, one of the cords is coiled upon the large axle A, 
while the other cord is uncoiled from the small axle C, so 
that the rate at which W ascends, depends npon the differ- 
ence of the circumferences of the two axles ; and, conse* 
qneutly, the power of the machine will also depend npon 
this difference. But this may be decreased to any extent, 
without altering the length of the handle. This truly in- 
genious contrivance is due to the Chinese. 

Ex. 1. Letthediameterof the axle A ='7 ft, the diameter 
of theaxleC= -5 ft., the length of tiie handle = 2 ft., and 
"W =: 400 lbs. Bequired the power P. 

When the handle makes one turn, the cord A will be drawn 
np a space equal to the circumference of the axle A, while the 
cord C will be let down a space equal to the circumference of 
tiie axle C; therefore the whole cord will be shortened a 
space equal to the difference of tiiese circumferences, and 
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because the cord is doubled, the weight W wiH be raised -a 
space onlj equal to the half of this difference. 

Tir T_ J TP- • 1 -rxS-Wie — '5x8*1416 

/. Work done upon W m 1 revo,= ^ 

x40Q. 
.•. Work done upon P in 1 revo. = 4 x 3'1416 X P. 

... 4 X 3-1416 X P = '' " "•**'* - '" " ^•'^'' X 400, 

dividing each side of the equality by 3 '1416, 

4xP=:^^^ X400; .% P=101bB. 

Ex. 2, In a compound wheel and ax^e,die haadle is HO m.; 
the radius of -the la^e jMU-ii^of tlie axle is 8 inches, and o£€ke 
snuifi fmt 2 iacbes :; if 1 lb. firessiire be applied-to the handle, 
boiw m um^ Wul wmM kt wmao d by the BMHAane, friction being 

Hfio^ «et£he ive%pid; is supported by « double cord, and as 
one f«A m^ wfiSk lAe power, we have by the equality of 
moments, 

Fx20 + iWx2=JWx8, or 
1 X 20 4- W = f W, /. W = 40 lbs. 

Ex, 8. Solve the preceding question on the principle of 
work. 

Ex, 4. Required the same as in £x. 1., when the diameters 
of the axles are -6 and '4 ft. respectively, the length of the 
handle 1 *5 ft., and the weight to be raised 600 lbs. Ans, 20 lbs. 

Ex, 5. What must be the radius of the large part of the 
axle in Ex. 2., so that the weight raised may be 160 lbs. 

Ans. 2\ inches. 

40. From the reduced equation given in Ex. 1., we may 
readily derive a general equation of relation for the elements 
of this machine. For this purpose, put R for the length of 
the handle, D for the diameter of the large aade, and (f for the 
diameter of the small one. Now '7, in that equation, is the 
diameter of the large axle ; *o the diameter of the small one ; 
and 4 the length of the handle taken twice, hence we hav^ 

2RxP=^7^ X W 



This expres^on clearlj' showB that other things being the 
same, the magnitude of W depends upon the EmallnesB of the 
difference of the diuneters of tlie axles. 

Thel'uUe^ 

4L A pulley ia a groooed wlieel, turmng on sn axis, and 

fAaoed m a "^Aadk. er caae. A -cord paaaes oyer the groore of 

ihe wheel, in order to Ccmsmit tlLs fmc« ^^lied, in aaj pro* 

pMBd^inelMB. There ia no advantage gaued by a single 

fimflinlliji.lliill iiliiiii Hiiiiinai Iili iiiiTTi jm. Ill ijjli) 

rataoi ^riHalUagv be greater than the power applied; and 
tba« Ae afcn^e dapeods apon iha rn^ibcr «f oords by 
Tvl^dh the wa^tt is suapended. 

Em. L litfte ^annexed ^tem of pulley if W='2 tt»., 
TefMDBl V, tAbl. equilihrinin takes place. 

Btae^ am Wie suapended by two corda, 
c.aadl;, «Bi!lh bobA will cany 1 lb., but 
at 4be ■aa>d is supposed to have a free 
motion over the wheels, the portions 
a, b, and e, wHl have the same stretch 
or teDEion ; thuBfore F must be 1 lb. 

Let us now considw the equilxbriiun 
coi the principle of the equality ef work. 
If W ascend 1 foot, the eopds c and b 
will eaoh be shortened 1 foot, and there- 
fore P must descend 2 feet, hence we 
have, 

Work of P = P X 2, and woric of W = 2 X 1, 
.•.Px2 = 2xl,andP=l lb. 

Ex. 2. Let tiere be two moveable piilleyB, each weighing 
3 lbs., then if P = 100 lbs., it is vequired to determine W, 
on the principle of work. 

If F detcend 4 feet, the first moveable pulley will ascend 
2 feet, and the second 1 foot, 
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.*, Work done in raising W and the pulleys 2= W x 1 -4- 
3xl-h3x2 = W+9. 

Work of P= 100x4, aW+9 = 100x4, 
and W = 391 lbs. 

Ex, 3. Required the same as in the last example, Trhen 
there are three moTeable pulleys. * Ans. 779 lbs, 

Ex. 4. In the annexed system of pulleys, if W = 9 lbs., 
required P, when equilibrium takes place. 

Here the three cords marked 3, form a continuous cord, 
hence they will each sustain the same 
stretch; and in like manner the four 
cords marked 1, will each sustain the 
same stretdi. The weight W with its 
pulley B, is supported by three cords, 
therefore each cord will carry 3 lbs.; 
there is therefore 3 lbs. suspended from 
the pulley A. Now the pulley A with 
this weight is supported by three cords, 
therefore e^ch cord will carry 1 lb., 
hence it follows that P must be 1 lb. 

Or thus on the principle of work. 
If W ascend 1 foot, the pulley A will ascend 3 ft., because 
each of the three cords marked 3, will give off 1 foot of 
cord ; in like manner if the pulley A ascend 3 ft., the weight 
P must descend 9 ft., because each of the three cords 
marked 1, will give off 3 ft. of cord. Thus it appears that 
while W ascends 1 foot, P descends 9 feet, hence we have 
by the principle of work, 

WorkofP = Px9; workofW = Wxl. 

.-, Px9 = Tr, 

and if W be 9 lbs., then P = 1 lb. 

Ex, 5. If the weight of the pulley A = 2 lbs., the weight 
of the pulley B = 6 lbs., and W = 600 lbs. ; required P. 

Ans. 68 lbs. 
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Ex. 6. If in El. 4. there are 3 moveable pulleyB, and 
W = 27 lbs., what will tben be the weight of P ? 

Am. 1 a. 

In precisely the same maimer the equation of equilibrium 
may be determined for any other syBtem of pulleys. 

Inclined plane. 

42. To determine the pressure necessary to support & 
body on an inclined plane without ,, 
friction. Let the weight W, be '.' — - 
drawn up the inclined plane A C, 
by means of the weight P, acting 
hy a cord parallel to the plane; 
then whilst W is moved from A 
to C the counterpoise weight P 
will have descended a vertical 
apace equal to A C, hence we 
bave, by Art. 10., 

Work in raising W = W X C B. ! 

Work due to the descent of P = P X A C 

.■.PxAC = WxCB, .% P=J-cX-W. 

£x. 1. The length of an incUned plane is 3 feet, the per- 
pendicular height 2 feet^ and the weight of the body 12 lbs., 
what pressure will be required to sustain the body on the 
jilane, Miction being neglected ? 

Work in raising W in opposition to gravity = 12x2. 

WorkofP = Px3j ,-, Px3= 12x2; andP = 81bs. 

Ex. 2. Required the same as in the last example, when 
the length of tlie plane is 100 ft., the height 20 ft., and the 
■weight 40 lbs. Ant. 8 lit. . 

Ex. 3. The length of an inclined plane is 100 ft., th« 
height 3 ft., the weight of the body 50 Iba, and the flndion 
^^ part of the weight, what pressure will be required to 
move tho body up the plane ? 

In, this case, as the inclination of the plane is small, the 
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pressure upon it will be verj neaiij equal to the weight of 
the body. 

A Pi^ssure to overcome friction = -^5^ lbs. 

Work doe to Motion s i^-^XlOO s 17-& 

Work doe to gravity as 50 x 3. 

Work of the pressure, P, applied to move the bodj = P 
xlOO. 

/. P X 100 = 17-8 +50 X 3, aP = 1-67 lbs. 

Ux. 4. Bequired the same as in the last example, when 
the length of the plane is 100 ft, the height ^ ft., and the 
v«li^«lf ite ftw^M lbs. Ans. 1-32 Wg. 

Emu 4L Wlttl; unewone wiH be necessary, in Ex. 3., to pre- 
v«srit tte%Mlf ISnsnidaffing down the plane? 

BiGfte db0 urack 4a» tto friction wiU act with the work dae 
tiiilfti^fDiMMiitt, F, «(|fSied, 

.% FiCiOO » mx^^n-S ; A P = 1-82 lbs. 

Ex. 6. The length of an inclined plane is 100 ft., the 
height '2 ft, the weight of the hody 90 lbs., and the coeffi- 
cient of friction -^ ; required the pressure necessary to move 
the body down the plane. Ans. 2*82 lbs. 

Here the work of gravity acts with the work of P. 

JEx. 7. What must be ^e height of the plane in Ex. 3., 
80 that the body may be upon the p<»at o£ alidiug ? 

In this case the work due to Mction anost be equal to the 
work due to gravity. 

Work due to friction s= 17*8. 

Work due to gravity c= 50 x C B. 

•% 40x€ B = 17-8 ; and C B := '35 ft 

JEx. 8. What must be ihe height of the plane in Ex. 6., 
so that the body may be up(Hi the poijot of sliding ? 

Ams. ^/L 

Ohs» The inclination of the plane when the body is upon 
the point o£ eliding, is called the angle of friction, ov ^^ the 
limiting angle of resistance." See Moselej's JAechanics 
applied to the Arts. 



The moveable Inclined Ftane, or Wedge, 

4& Let A C B be & -vredge (See the la^t fig.) sUding 
along tke kopkoatal plane A B> by the aefioa of a preasure, 
T, applied' paralM to A B^ and thereby elevating a weight 
W which is only free to move in a vertical direction. When 
the wedge begins to act, the resistance, W, rests upon the 
horizontal plane A B ; but wheti' the wedge has- moved over 
a space equal to its length, W will have been elevated a 
height equal to the thvekness, C B of the wedge ; thea if 
A B == '5 ft- B C = -2 ft., tw4 W =a 8 lhB.r we have, ab- 
stracted- from friction, 

Work applied ssr F x -5, and work W =» 8 X •^. 

.% F X -5 = 8 X '2, and F a= 3-2 lbs. 

Tim caleulajdon. shows that liie* adranfage of the power 
depends upoa the thinness of the back of the wedge. How^ 
ever, it ia nteesBOiy to observe^ tiittt the acttoniiriiing power 
of thewBdge, as usually employed, is chiefly resolvable iato 
tiie forc& ol )m^mt, which will be- considered in a fotare 
article. 

Ex. L The length e£ a weige s I*d IH, tbe iSiackness ss 
*2 ft., the pressure applied := 100 lbs. ; required the weigftCi 
that would be saiatd. 

When the pressure applied has moved through the length 
of the wedge, wehafve. 

Work applied =s ICKVx 1-5 ;: Worit dene =b W x -2. 

.V Wx*2 ss:10Ox id» and W « 750^ lbs. 

£x. 2. Bequued the same ap la the last exmaipLe, when 
the lengl^ is 2 ft., the thickness '4 ft, and the pressure 
applied 400^ liMk Anv.2O0aibs. 

The Screw, 

44. In this mechanical power the pressure appfied' moves 
in a circle whose radius ia the leagth of the lev^, or arm of 
the screw, whilst the diceotioft in which the work ie done^ is 
a right line. 

X 4 
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Ex, ] • The lever of a simple screw is 2 feet, the thickness F 
of the thread '2 feet; if a pressure of 100 lbs. be applied to the 
lever, what pressure will be produced on the press board ? 

Here in one turn of the lever, the press board is moved 
over the distance between the threads of the screw. j 

/. Space moved over by F, in 1 revo. = 4 x 3*1416. 
„ W „ = '2. 

Work of P in 1 revo. = 4 x 3-1416 x 100. 
„ W „ =Wx-2. 

/. W x -2 = 4 x 3-1416 X 100, and W = 6283 lbs. 

Obs. The equation here obtained shows that the efficacy of 
the screw is obtained by increasing the length of the lever, 
or by decreasing the thickness of the threads. 

£x» 2. Required the same as in the last example, when the 
thickness of the threads is i in., and the pressure applied to 
the lever is 60 lbs. Ans. 18095 lbs. 

Ex, 3. Required the advantage of the power in the last 
example. Ans, 301.. 

Ex. 4. The lever of a screw is 3 ft., and the thickness of 
the threads ^ in. ; required the pressure that must be exerted 
on the lever so as to produce a pressure of 10 tons upon the 
press board. 

In 1 revo. of the lever the work done = 10 x 2240 x -^ =s 
466. 

In 1 revo. of the lever the work applied =s F x 6 x 3*1416^ 

/. P X 6 X 3*1416 =: 466 ; and F = 24-7 lbs. 

Ex, 5, Required the same as in the last example, when the 
lever is 18 in., and the thickness of the threads of the screw 
1 in. . Ans, 198 lbs. 

Ex, 6. What must be the thickness of the threads, in Ex. 1.,, 
80 that a pressure of 5000 lbs. may be produced on the press 
board. 

Work applied in 1 revo. = 1256. 

Work done „ = 5000 x thickness thread* 

5000 X thickness thread := 1256. 
Thickness thread =r ^^ = '25 ft. 



• • 
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The Compound Screw. 

45. This mechanical power consists of two screws, one of 
which screws within the other, so that whilst the large one is 
descending, the small one is relatively rising within the large 
one. In consequence of this compound motion, in one revo- 
lution of the lever, the press board only descends a distance 
equal to the difference of the thickness of the threads of the 
screws. Hence the advantage depends upon the smallness of 
this difference, and not upon the absolute size of the threads. 
In this respect the machine is analogous to the compound 
wheel and axle. 

Ex. 1. In a compound screw, the length of the lever is 
1*5 ft., the distance between the threads of the large, qr 
hollow screw, is f in., and that of the small one ^ in., if 30 lbs. 
pressure be applied to the lever, what will be the pressure on 
the press board ? 

In one revolution the large screw descends f in., but at the 
same time, the small screw (by turning within the large one) 
ascends ^ in. ; therefore the press board must descend a space 
= ¥-i=iin. =^ft. 

/, Work done in 1 revo. =s W x ^3^. 

Work applied in 1 revo. = 30 x2x 1*5 x 3-1416 =282*74. 

/. Wx^ = 282-74 ; and W = 13571-5 lbs. 

Ex. 2. Required the same as in the last example, when the 
threads are -^ and f in. respectively, and the pressure applied 
to the lever is 1 lb. Ans, 904. 

Ex. 3. What pressure must be applied to the lever in 
Ex. 1. so that a pressure of 4 tons may be given to the press 
board ? Am. 19-8 Ihs. 

Ex. 4. If the length of the lever is 2 ft, the thickness of 
the thread of the large screw 1 in., what must be the thickness 
of the small screw, so that 1 lb. applied to the lever may pro- 
duce a pressure of ^ ton ? 

Here, we have, by the principle of the equality of work, 

1 x 4 X 3-1416 = 560 (^—thickness). 

.\ Thickness = -06 ft. = -72 in. 

E 5 
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7%e Endless Screw. 

46. In tkis maehiixe, Ike threads of a screw, cut upon a 
cjlindery aremade to act upon the teeth oi a cog wheel having 
^ azle^ round which a cord coils, as in the common windlass. 
By this combination a verj slow motion maj be given to the 
weight. 

Ex, L In an endless screw the length of the handle is 
1*4 fu the number of teetb in the oog wheel is 30, and the 
radius of the axle is *2 ft. ; if 1 lb. pressure be applied to the 
handle, what weight will be raised, friction being neglected ? 

Here, as the screw is fixed upon the axis of the handle, one 
turn will cause one of the teeth of the wheel to be moved 
ronoid. Hence the handle must take 30 tams» whilst the 
cog wheel and axle make one. 

.*• Work applied in 1 revo. of the axle = 1 x 2*8 x 
3*1416 X 30. 

Work done » „ = W x -4 x ai416. 

Ex. 2. Bequired the weight, as in the last example, when 
the length of the handle is 1*5 ft., the number of teeth in the 
cog wheel 20, the radius of the axle *3 ft., and the pressure 
applied 60 lbs. Am. 6000 lbs. 

Ex. 3. Required, the pressure which must be applied to the 
handlie, in the last example, so that a weight of 4500 lbs. 
maj be raised. Ans. 45 lbs. 

Ex. 4u How many teeth must the cog wheel, in Ex. 1, 
have in order to raise a weight of 280 lbs. ? Ans. 40. 

Hydrostatic Press. 

• 47. Thi» powBrfnl madbine consists of two ejlinders of 
different sizes, each of which has a pistour and pressure is 
tranandtted fsom the small piston to tiie large (we, bj means 
of water. The pressure of the power is appHed to the small 
piston, by a lever of the second kind ; and the advantage of 



the machine depends upon the length of this lever, and the 
extent of surface of the large piston, as compared with that of 
the small one. 

Ex, 1. In a hydrostatic press, the surfaces of th« pistons 
are 2 and 400 sq, inches respectively, the lever is 20 inches 
long, and the piston rod is attached at 1 in. from, the fulcrum; 
if a pressiare of 112 lbs. be applied to the lever, what pressure 
will be produced upon the large piston ? 

Here the advantage of the lever is 20^ and therefore 
2240 Ibs.,^ or 1 ton> will be applied to the small- piston ; but 
owing to the trazismissioa of thk pressure through the water, 
every 2 inches of surlEace in the kr^ piston wiU also undergo 
ai pressure of. I tOKf henee it follows^ thai as many tiaaies as 
2 inches caa b# taken* out of 400 iaehes, so many times wiH 
the pressure o£ 1 ton be increased ;. 

/. Pres^oxB ott the large piston = —^ x 1 ton = 260 tons. 

Or thus, on the principle of the equality of work. 
liCt the small piston descend ^ in., or -^ ft, then 1 cubic 
inch of water wiH be thrown into the large cylinder, and the 
piston will thus be raised ^. part of an inch, or ^^ of a 
foot ; 

.% Work on the small piston = 2240 x ^4. 
„ large „ ssWxtAtt- 

••• ^XtAtt = 2240x^; and W « 200 tons. 
Ex. 2. Required the same as in the last example, when the 
surfaces of the pistons are f and 600 inches respectively. 

Am, 800 tons. 

4ft ITa very smafi motion be given to a machine in a state 
of eqtiSibrrom, then F multipfied by the velocity of P, esd- 
maited in the Erection in which it acts, is equal to W muM- 
jdied }yy the v^ocity of W, estimated in the direction in which 
it acts; — thi» is the principle ©f virtual velocities. This 
propositibir, is only another form of expressing th« principle 
©f the equality of work, developed in the preceding pages. 

X 6 
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ACCUMULATED WORK 

Motion, 

49. When a bodj moves unifonnly, the space described is, 
obviouslj, equal to the units of time during which the bodj- 
moves multiplied hj the space passed over in each unit of 
time; that is to say, the space is equal to the product of the 
time bj the velocity. If we, therefore, construct a rectangle^ 
having the units in the base equal to the units in the velocity, 
and the units in the perpendicular equal to the units of time, 
tiien the units of surface in the rectangle, will give the units 
of space moved over bj the body. In like manner, the space 
described by a body, whose motion is uniformly accelerated, 
may be represented by the area of a trapezoid, whose parallel 
sides contain respectively the units of velocity at the com- 
mencement and end of the motion, and the perpendicular 
between these sides the units in the time. This proposition 
will readily be understood, by observing, that the mean length 
of the trapezoid will contain the same number of units as the 
velocity which the body has at the middle of the time ; and 
this will be true however small the intervals of time may be 
taken. The best illustration of accelerated motion is afforded 
us in the case of falling bodies. 

Force of Gravity. 

50. When bodies fall freely near the surface of the earth, 
the force of the earth's attraction, being constant, communi- 
cates to them equal additions of velocity in equal intervals of 
time. Thus at the end of 1 second, the velocity of the body 
is 32^ ft ; at the end of 2 seconds^ 2 times 32]- ft ; at the 
end of 3 seconds, 3 times 32^ ft. ; and so on ; or generally 
the velocity acquired by a falling body, is equal to the pro- 
duct of the time of the body's fall in seconds by 32 j- ft. 
This is expressed by the equation, t; = ^ x 32^. 

The space described by a body in one second will be } of 
32^ s= 16^ ft. ; because the velocity of the body in the 
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middle of the time, will be the mean velodtj with which it 
mores daring that time. In like manner, the space described 
hy the body in 4 seconds, will be 4 times 2 x 32 J ft.; 
because 4 x 32^ ft. is the yelocity at the end of the time, 
and, therefore, 2 x 32^ ft. will be the mean velocity, or the 
Telocity in the middle of the time. But 4 times 2 x 32 j. ft. 
=s 4^ X 16^ ft., that is the space described by a falling 
body, in 4 seconds, is equal to the square of the time multi- 
plied by the space described in one second. In the same 
manner any other case may be established. The general 
relation of space and time is therefore expressed by, 

S = *« X 16^, 

Ex. 1. What velocity will a falling body have at the end 
of 6 seconds ? 

Here the velocity = 6 times 32J ft. = 193 ft. 

JSx. 2. What velocity will a body acquire in 3 seconds ? 

Ans. 96ifi. 

Ex. 3. In what time will a body acquire a velocity of 
128f ft. 

Here in every second of the body's fall, there is an addition 
of 32^ ft to its velocity, therefore as many times as Z2\ ft. 
can be taken out of 128f ft., so many seconds must the body 
fall, that is. 

Time = 128| -^ 32| == 4 sec. ^ 

Ex. 4. In what time will a body acquire a velocity of 70 ft. ? 

Ans, 2*17 sec 
Ex. 5* Through what space will a bo4y fall in 6 seconds ? 

Here, space = 6^ x IGjV ft- = 579 ft. 
Ex, 6. Through what space will a body fall in 3 seconds ? 

Ans. 144|//. 

Ex. 7. A stone was 4 seconds in falling from a tower ; 

what height is it ? Ans. 257^ ft 

Ex. 8. If a body be projected downwards, with a velocity 

of 10 ft. per second, how far will it descend in 5 seconds? 

It is evident that the body will retain its motion of projec* 
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lion, altiuragb tctoi uponr hj ^rayity; Now tiie space dt» to 
tiie projeetio]]. =s 5 times 10 iL, and tUs, added to- the space 
due to gravity, wM give, 

Space sa5 x M) + 5» x IS^V = 452TVffc^ 

jEor. 9^. Bequiredtite mane bm in tfae last example, when ikte 
velocitj o£ pfojecl&oa is & fi, nd the time of descent 2 
seconds. -Aw. 74J/3E. 

j^ l(h Inwhal;timewiUa.bod7&U193ft.? 

Bf the ganeval e({aRtia&, <* x 16^:= 1^; 

/. fi =_i^ = 12; and f = 3-4 sec. 

^0?. 1 1. In what time wiHl a body fall through 40 ft, ? 

^^w. 1'57 sec. 
Ex, 12. From what height must a body fall to acquire a 
velocity of 9^ £L? 

Here we must first find the time which the body will hare 
tofalL 

Time = 96^ -h 32^ = 3 sec. ; then we haye, 

Space = 3»* x IS^V = 144f ft. 

Ex. 13. Fram» what hisighl would a. body have to faHi in 

ovder to acquire a velocity of 386 ft ? Ans. 2316yiL 

Ex, 14. The velocity^ a body is 84 ft. From what height 

would it have to fall in order to attain this motion ? A»s. I09jk 

Time=^sec.; and Space ^ | ^ } *x 16^ = 

84> 
2x32p 

0§A Froitt this expressica for the space we infer, 
that it is always equal to the square of the teleeity divided 
^jr2x32^. 

JP^ojectiles, ^c. 

. SL We have a familiar instance of a body, in motion, 
acted upon by two forces, in a boat being rowed across a 
Stream. While the stream carries the boat downwards, the 
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rower mcrves it in a. Sue p^endieukur to- the direetion ei t&e 
stream ; now? bodi of theee motions exist at 1^ same tim^ 
therefore tiieboat mores m a ^s^oiMd-directiais^ Ijiait i»tD say, 
if we take one side of « p«vallelogr«m eqoal to the anits d 
▼elooitj in the stream, and tiie: otibev side equal to the units of 
velocitf of tiie boat crvsdDg the: stream^ then t&e diagonal 
wiB gire the direction and amount of the actual moiioa. 

If a caamoB ball be firedi is a horiaontal direetioBs from the 
top of a high tower, the time it witt take to reach the* ground 
will evidentbf be equal to the time the ball would take in 
desoendii^ the perpendienlar lieight of tike toww ; and the 
distfloice the ball will go, wiU be equal to the product of diis 
txme by the Tdocity of prelection* The path which the baft 
pursues in its desceait is a curre caBed the perabok. We 
Btay conceive the TBiocity of pvcyeetion to be so- great a»to 
cairy the ball eampieti^ round the earth wit^mt reaehxng 
the surface at all ; in this ease tlie ba& would fiMrm- a little 
lat^te to the- earthy sindlar to t&emooik 

Ex* 1. A bf^ is projected) horisMitally with the rdoeity 
of 40 ft. pc^r seeond^ frma the top of a tower 144f| ft. faigli ; 
how far will the ball go? 

iSere the time a body will take to Mi liie height of the 
tower is 3 seconds. 

.\ Diseaaee=r4D&x3a::>20ltL 

J5^. 2. Required the same as in the last example, when 
the velocity of projection is 90 ft. per second, and the height 
of the tower 80 ft. An». 200*8. 



There is Wbrh aeeunmiated in a moving dotfy. 

BZ. When a body is in a state of motion, it will continue 
in that state unless acted upon by some external force. (See 
Mosele/s Illustrations of Mechanics, p. 225.) But in order 
to give this motion to the body, there must be work done 
upon it. Thus we may give the velocity of 32^- ft) to a one 
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pound weight, hj raiaing it IGj^ ft, and then allowing it to 
fall by the force of gravity ; in this caae the units of work 
accnmnlated in the body will be 16^;« Again, when a 
heavy fly wheel is in rapid motion, a considerable portion of 
the work of the engine, most have gone to produce this mo- 
tion ; and before the engine can come to a state of rest, all 
the work accumulated in the fly, as well as in the other 
parts of the machine, must be destroyed. In this way a fly 
wheel acts as a reservoir of work. 

In order to estimate the work in a moving body, it is 
simply necessary to consider the height from which it must 
fall to acquire the given velocity, and then the work will be 
found, by multiplying that height in feet, by the weight of 
the body in lbs. ; because the work expended in raising the 
body, to the height necessary to communicate the given 
velocity, must be the same as the work which gravity will 
perform upon the body in its descent. 

Ex, 1. The weight of a ram is 480 lbs., and has a vdocitj 
of ^^ ft. What work has been done upon it ? 

Here the ram must have fallen from the heig^|f^of 16^ ft. 
.-. The work done upon it = 480x 16^- = 7720. 

jEx, 2. Bequired the work in a body whose weight is 
20 lbs., and velocity 96^ feet per second. 

By Ex. 12. Art. 50. the height from which the body would 
have to fall, in order to acquire the given velocity, is 
144-75 ft. : 

.*. The work which must have been done upon the body 
= 20 X 144-75 = 2895. 

£x. 3. Hequired the work accumulated in a ball whose 
weight is 4 lbs., and velocity per second 9 ft. Ans. 5*03^ 

By Ex. 14. Art. 50. the height from which the ball would 

have to fall to gain the proposed velocity = 



.*• The accumulated work = 



2x32^ 
9«x4 



2x32^ 
Obs. This expression shows that, the work aecumu- 



ACCUMULATED WORK, 89 

lated in a moving body is equal to the square of the 
velocity in feet per second^ multiplied by the weight of the 
body in Ib^., and divided by 2x 32^. This important pro* 

poaitioa is expreaaed by the equation, U= i^. 

JEx» 4. A ball weighing 20 lbs. is projected, with a velo- 
city of 60 ft per second, on a bowling green. What space 
will the ball move over before it comes to a state of rest^ 
allowing the friction to be -^ of the weight of the ball ? 

By the general expression, 

The work in the ball, or U = ^^4l? = 1119-17. 

Now the ball will not stop until all this work is destroyed, 
that is^ until the work destroyed by friction is equal to the 
accumulated work. 

Work destroyed by friction in moving the ball over 1 f]t» 
= Hxl=2. 

A No. ft. = iH|lI = 569-58. 

JEx. 5. Required the same as in the last example, when 
the velocity is 50 ft., and the weight 10 lbs. Ans. 388 yh 

Ex, 6. A train weighs 50 tons, and has a velocity of 44 ft* 
per second when the steam is turned off; how far will the 
train move upon a level rail whose friction is 8 lbs. per ton ? 

U==lf!iil^ = 3370445. 

When the train stops, the work of friction will be equal 
to the work accumulated in the train, hence we have. 
Work in moving the train over every foot =a 50 x 8 = 400* 

... No. ft. = ?^ = 8426. 

Ex, 7. A train weighing 60 tons, has a velocity of 40 
miles per hour when the steam is turned off, how far will it 
ascend an incline of 1 in 100, taking friction at 8 lbs. per 
ton ? Ans, -74 miles. 
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In tlii» example the work of gravity must be added to the 
work of fnetion ta obtain the total work of the resistance. 

Ex. 8. Beqtiired the same as in the last example, when 
the velocity is 20 miles, and the incline has » Fiaeof 1 hx 361 

Ans. 362-4/1?. 

Ex, 9. Two balla each weighing 60 lbs., are placed at the 
extremities of a horizontal arm, which gives motion to a 
screw driving a punch, as in the common stamping machine. 
The velocity given to the balls is 10 ft. per second. It is 
required to find the mean resistance opposed to the punchy 
when it is just driven throii^h an iroA plate ^ in, in dia- 
meter. 

Mere, ir=»?2^= 155-44; 
* 2x32^ 

Now if the thickness of the plate were 1 foot, the resist- 
ance would obviously be 155*44 lbs. ; but the thickness is ^ 
of a foot* 

/• Mean resistance == 96 times 155*44 s= 14922 lbs. 

Ex. 10. A ball weighing 20 lbs., is fired from the mouth 
of a cannon 10 fU long, with the velocity of 500 fi. per 
second ; it is required to find the mean pressure of the elastic 
vapoieB' upon the balL 

In this case^ U = 77720. 

Now the pressure of 1 lb. upon the ball would produce 10 
units of work. 

/. Mean pressure = -rr- = 7772 lbs. 

Ex. 11. Reqvired the^ same as in the last examfde, when 
the ball is 4 lbs., and the velodtsf 200 ft Ans. 2^*7 lbs. 

Ex. 12. A carriage (d I ten moves on a level rail with the 
speed of 8 ft. per second, l^ough what space must the car- 
riage move to have a veJoeity of 2 ft., supposing' frietion to 
be 6 lbs. per ton; ? 

Here the work lost = »>x 2240,2^^^ ^ 2089. 

64i^ 64^ 
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Biit this jjork lias been taken up hj fricti<m. 

.'. Space X 6 = 2089 ; and space = 348. 

Ex, 13. If the carnage in the last ^xunple move over 
400 ft. before it comes to a slate of rest.; what is the resist- 
ance of :&iction per ton ? 

Work accumnlated in the carriage = 2228. 
"Work of friction = "friction x 40©. 

.% Frictionx 400 = 22!^ ; md friction = 5-6 Aci. 

£x. 14. Two weights W and w, weighing 5 and 3 lbs. 
respectively, are connected by a cord that goes over a fixed 
pullej, as in Attwood's madiine ; throngb what spaee must 
W descend to acquire a Telocity of 10 ft. ? 

As the velocity with which w ascends is the same as the 
velocity with w'hich IT descends, we have, 

Wtrkin W^l^i^; Wfldc in «i; = i^il|- 

64^ 64J 

,% Total accumulated work = 12'4. 

Work of gravity on W = 5 x space. 

^ „ ^, t(7 = 3 X space. 

But this woik performed upon w has fceen yielded by Hie 
work of W. 

*•. "Work remaining in the bodies = 2 x space. 

Now this work must be equal to the accumulated work^ 

/• 2 x space ^ 124, and space ^=: 6*2 ft. 

Work in a rotating body, — Centre cf gyration. 

53. PrGhlem, Two balls A and B are* connected by a rod 
which is made to revolve upon a centre, the wcaght of A is 
3 lbs., and that of B is 4 lbs., the distance of A from the 
axis is 8 ft., and that of B is 5 ft. ; if a point in the rod, at 
1 foot from the axis, has a velocity of 10 feet per second ; it 
is required to determine the work in the balls^ and the point 
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in the rod where we m&j suppose the weight of the two balls 
<;ollected, so that the work may not be altered. 

Velocity A = 8 x 10; Velocity B = 5 x 10 ; 

w 1 • A S^xlO^xS xxr ^.' Tt 5^x10^x4. 
Work in A = ^ , ; Work m B = — 

6^ 6^ 

.\ Total work = 453-8. 
Let d be the distance from the axis^ then 

Work of the two balls collected = i — ^^ — . 

Now this work must be equal to the work before given, 
hence by equality we readily find, c? = 6*4 ft. 

This point is called the centre of gyration. When the 
centre of gyration in a rotating body is known, we can then 
yery readily find the accumulated work by the method 
already given. But to find this centre generally, requires 
the aid of the integral calculus, which would be foreign to 
the objects of this work to introduce. The distance of the 
centre of gyration from the axis, in a few of the most useful 
cases is as follows : in a circular wheel of uniform thickness, 
it is equal to the radius of the wheel x Vi ; in a rod revolv- 
iug about its extremity, it is equal to the length of the rod 
x a/^, and when it revolves about its centre, it is equal to 
the length x V^ ; and in a plane ring, like the rim of a fly 
wheel, it is equal to the square root of one half of the sum 
of the squares of the radii forming the ring. 

JSx. 1. The weight of a fly wheel is 10 cwts. This weight 
is collected in a point at the distance of 5 ft. from the axis, 
or in other words, the centre of gyration is 5 ft. from the 
axis. The wheel makes 20 revolutions per min., the dia- 
meter of the axis is 2 inches, and the friction upon it ^^ of 
the whole weight. How many revolutions will the wheel 
make before it stops ? Ans. 22*7. 

Velocity of the wt. per sec. = 10 x 3-1416 x 20-h60 = 
10-47. 

Work in the wheel = 10'-^7»xll20^ 

6^ 
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Circumference axis = -^ x 3-1416 = •5236. 

Work destroyed by friction in 1 revo. = — =— x '5236. 

Then, as many times as this work can be taken out of the 
work in the wheel, so many revolutions will it make. 

Ex. 2. Kequired the same as in the last example, when 
the wheel makes 10 revolutions per min., and the diameter 
of the axis is 3 inches. Ans* 3*8. 

Ex. 3. The weight of a fly wheel is 4 cwts., the distance 
of the centre of gyi*ation from the axis is 4 ft.^ and the 
number of revolutions made per min. is 40 ; it is required 
to find the niunber of strokes which the fly wheel will give 
to a forge hammer, whose weight is 200 lbs., and lift 2 ft., 
friction being neglected. 

Velocity of the weight per sec. = 16*755 ft. 

Work in the wheel = ^^'755^ x ^^^ _ jg^^.^^ 

Work in 1 lift of the hammer = 200x2 = 400. 
/. No- lifts = i^ = 4*8. 

Ex. 4. Required the same as in the last example, when 
the circumference of the axis is 6 inches, and the friction 
upon it ^ of the weight. Supposing the hammer to make 
one lift for every revolution of the wheel. Ans. 4*5. 

Ex. 5. The diameter of a grindstone is 4 ft., and its 
weight 300 lbs. The circumference is made to revolve with 
the velocity of 5 ft. per second. The circumference of the 
axis is 6 inches, and the friction upon it ^ of the weight. 
It is required to find the number of revolutions, which the 
stone will make, when left to itself. 

Centre of gyration from the axis = 2 V^. 

Now by the question the velocity of a point 1 ft. from the 
axis = f ft 

A Velocity of the weight per sec. =:^x2 ^^. 

25 

The square of this velocity = y 
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/. Work in the stone = ^^^ = 58-3. 

2x64^ 

soo 
Work destroyed in 1 revo. bj friction = ^x -g-=18"7. 

A No. TCTo. = jg^ =*3'L 

JEx, 6. Bequired the same as in the last example, when 
the diameter of the stone is 3 ft^ the diameter of the Axis 
1 in.y and the stone makes one involution per second. 

^ns. 21-09. 

Vis Viva, or Living Force. 

M. The vis viva of a moviag body is a force whidi is 
expressed by the product of the quantity of matter by the 
square of the velocity. 

Let the weights of two bodies, A and B, be 4 and 7 lbs. 
respectively, and their velocities 5 and "9 ft. per second ; 
required the accumulated work of the bodies, in terms of 
their vis viva. 

xrr 1 ' A 5^x4 U • -D 9^x7 

Work in A = - — -rr, ; work m B = - — ^. 

2 X 32| 2 X 32 J 

^. AccKmolated woik in A and B = ^x^^^^!!^ 

Now the latter part of the expression, in the right hand 
side of this equality, is called the vis viva of the bodies A 
ajidB. 

.'. Accumulated work = ^ the vis viva. 

55, In the preceding problem^ what must be the weight 
of another body W, having a velocity of 8 ft. per second, so 
that its accumulated work may be the same as that of the 
two bodies ? 

Here the wock in W = ^ — ^^- ; b«t this will be equal to 

the work in the bodies just given ; therefore, by. an easy 
reduction, we have, 

S^xW = 5»x4+92x7, and W = 10-4 lbs. . 



Ohs, N^r, if ihe bodies A, B^^sai^ W^axe parts of ^&e 
same m&eliiiie, and if the y^ocity ci A. be i&cceaaed, tilte 
velocity of B and W will obvxKislj be increased in tiie 
jsame ratio : hence it follows, fn»n tib^e eij^xresston, that W 
will not be altered by any ohasge in iAne velocity of the 
machine. 

Maximum velocity of the Piston ofun Engint, 

56. This will obviously take place when the pressure of 
the steam in the cylinder is equal to the total pressure of ;the 
resistances upon the piston ; for, so long as the pressure of 
the steam is greater than the resistances, the motion of the 
piston must be accelerated. Then the work remaining in 
the piston, at this point of the stroke, wiH be equal to the 
work accumulated in the machine. From this equality the 
velocity may be determined. 

Ex, 1. The pressure of the steam is 40 lbs., the steam is 
cut off at 2 ft. of the stroke, and the gross load upon the 
piston is 16 lbs. per sq. inch. At what point in the stroke 
wiU the velocity of the piston be the greatest ? 

Let X = the point in the stroke, then as the velocity of 
the piston will be greatest when the pressure of the steam is 
16 lbs., we have by Marriotte's law, 

a:xI6=2x40, .% a? = 5 ft. 

Eq^ 2. Required the same as in the last example, sup* 
posing the gross load to be 20 lbs. Am, 4 ft. 

Ex, 3. The length of the stroke in a condensing en^uie is 
10 ft., the pressure of the steam is 30 lbs., and the steam is 
cut off at 2 ft. of the stroke. Required the gross load upon 
each inch, and the point at which the velocity of the piston 
is the greatest. 

Here proceeding as in Ex. 4., Art. 2S., we liave. 

Total work of the steam upon 1 inch of the piston = 
f {30+6 +4(15 + 7-5)H-2 X 10} H- 30 X 2 = 157'333. 

/, Mean pressure steam, or gross load =—75 — =15*73, 
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Now as the mean pressure of the steam is equal to the total 
resistances which the steam has to overcome throughout the 
stroke, the maximum velocity will take place when the 
steam, expanding itself, attains a pressure equal to 15*73 lbs.; 
hence we have, IJ^ Marriotte's law, 

X X 15-73 = 2 X 30, /. x = 3-813 ft. Ans. 

Ex. 4. If the area of the piston in the last example = 
4000 inches ; and the weight of the mass moved, calculated 
to have the same motion as the piston == 50000 lbs. ; what 
will be the maximum velocity of the piston ? 

Having determined, in Ex. 3., the point where the maxi- 
mum velocity takes place, viz. 3-813 ft., or 4 ft nearly, from 
the end of the cylinder, we now proceed to find the work of 
the steam up to this point. 

The steam will act expansively over 2 ft. of the stroke ; 
dividing this space, therefore, into 4 equal parts, we have, 

Total work upon the whole piston to the point where the 
max. veL takes place = 

[•f {30 + 15 +4(24 + 17-142)+2 x20}+30x 2] x 4000 = 
406378. 

Now the excess of this work over the work which is 
expended in moving the resistances, will leave us the work 
which is accumulated in the piston. But the work done 
upon the resistances = 15-733 x 4 x 4000 = 251733. 

/. Work accumulated in the piston = 406378— 251733 = 
154645. 

Putting V therefore for the maximum velocity of the 
piston in feet per second, we have, 

V«X 50000 ^ iQ^Q^^^ .^ V = 14-1 ft 
6^i 

Ux, 5. Bequired the maximum velocity of the piston, in 
Ex. 4., Art. 25., supposing the weight of the mass moved to 
be 30000 lbs. Ans, max. vel. £= 7-2 ft., and the point 

where it takes place = 2 ft nearly, from the end of the cy- 
linder. 
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Ois, Similarly the velocity may be found for any point 
of the stroke. The weight of the mass moved^ in any engine 
referred to the piston, may be determined by Art. 55. 

Velocity acquired by a Body descending an inclined Plane. 

57, If a body freely descend an inclined plane by the 
force of gravity alone, the work accumulated in the body, by 
Art. 10., will be simply that which is due to the perpen- 
dicular elevation, without any regard to the angle, or curve 
of the plane. Hence the velocity of the body, will be that 
which it would acquire by falling freely through the per- 
pendicular height. 

Ex. I. What velocity would a body acquire in descending 
a plane whose elevation is 144|- it. 

Here the time which the body would take to descend this 
height by Art. 50., is 3 seconds, therefore the velocity ac- 
quired = 3 x 32| = 96^ ft. 

Ex. 2. What velocity will a body acquire in descending a 
plane whose height is 8 ft. ? Am. 22*6 yh 

When the friction of the plane is taken into account, it 
will be most convenient to employ the usual expression for 
accumulated work. 

Ex. 3. A train of 10 tons descends an incline of 200 ft., 
and having a total rise of 3 ft. ; what will be the velocity 
acquired by the train, supposing the friction to be 8 lbs. per 
ton? 

Work in the train = 10x2240x3,-10x8x200. 

.-. X!2L!^^2240_ 10x2240x3-10x8x200. 
64^ 

Hence we find, V = 12-1 ft. 

To determine the Friction upon an Axis by experiment 

58. Example. The wheel in Ex. 1., Art. 53. was observed 
to make 28 revolutions before it came to a state of rest ; 
what part of the weight of the wheel is the friction upon the 
axis? 

F 
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Let F be put for this proportional part, tben the work 
destroyed by friction = F x 1 120 x -6236 x 28. 

But this work must be equal to the work aeenmulated in 
the wheel, hence from the resulting equation we find F = *1 1. 

Resistance of Fluids, 

S9. It is here proposed to e^abHah the l&w of reaistance 
assumed in Art. 14. The resistanee of a fluid to the motioa 
of a body is occasioned by the fbree necesaury to disfdace that 
&id. Now the fluid displaced must have the sane motaoA 
given to it as that of the moving body ;; hence the work 
destroyed by the fluid will be equal to the aeenmvlated work 
in the fluid. Let, for examjde, the fnmt of the body, pre-, 
sented to the fluid, contain 2 sq. ft., the wei^t of a cubic 
foot of the fluid 62 ibai, and the vdoeity of the body 9 ft. per 
second, — then the weight of the fimdi displaced every aecond^ 
will be 9 X 2 X 62 lb&, but this wd^il has a velocity 
of 9 ft given to it, therefore the work expended in the^ 

Q2 X 9 X 2 X 62 

displacement = —^ Now this work has been 

destroyed while the body has moved through tlie apa«e <^ 
9 ft. ; if we eaU R the resistance of the flaid in lbs., this 
work will also be represented by R x 9, therefore by eqnafity^ 

3^ ^ ^ ^ 9^ X 9 X 2 X 62 ^ j^ ^ 9« X 2 X 62 

64j ' 64^ 

Where we observe, that the resistance increases with the 
square of the velocity, as wdl as with the extent of surface 
presented to the fluid. Li extreme velocities this law does 
not hold strictly true. It appears ako fron certain reeent 
railway experiments,, that the resistance of the atmosphere, to 
the motion of the train, depends chiefly upon the length of 
the train, and not so much upon the extent of the frontage of 
the carriages. Hie resistance of the atmosphere given in- 
Art. X4, must therefore be considei*ed as only true for a 
certain length of the train. 
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Efflux of Fluids. 

60. I£ an aperture be made in tlie side of a yesfiel, kept 
full of water, then the accumulated work of the fluid, as it is, 
being discharged, will just be equal to the work which gravity 
would perform upon it, while descending a space equal to the 
perpendicular depth of the orifice* Hence it follows, that 
the velocity of discharge is equal to the velocity which a 
body would acquire in falling freely through a space equal to 
the perpendicular depth of the. orifice. 

Ex. 1. How many cubic ft of water will a pipe, 1 inch m 
the section, discharge per min., from a vessel kept constantly, 
full, the depth of the discharge pipe being 9 ft. ? 

Let V be put for the velocity of discharge per sec, and w 
the weight of a fluid partieie in lbs., the% 

Accumulated work in this particle = — 

Work of the particle in descending 9 ft. = 9 x tcu 
. V2 X w 



64 



^ 



= 9 X w, and Y = >/6H x 9 =- 24 ft. 



.'. Discharge per mi». ^=^y¥T x 24 X 60 = 10c. ft. 

Ex, 2. I£ the section of the cistern, in the last example, be 
5 ft., and a pressure of 3224 lbs* be applied to a piatoa fitting 
the cistern and in contact with the water ; what will be the 
velocity of the discharge ? 

Here it is evident, that the effect of the pressure of the 
piston upon the efflux will be equivalent to aa additioaal 
column of fluid producing the given pressure of the piston. 

Additional col. of fluid = ^ ".^  = 10 ft. 

Total col. of fluid = 9 + 10 = 19 ft 
Then, pix>ceeding as in the last example, we have, 

V = V64^ X 19 = 35 ft. nearly.. 
Observation, In the preceding calculations no account has 
been taken of the vena contracta, or the contraction of the 
stream at the discharge. 

F 2 
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Work performed by a Jet of Steanu 

61. When steam issues from a nozzle, its elasticity is nearly 
the same as that of the surrounding atmosphere ; and the 
volume of the steam at the nozzle will therefore be 1711 tizaes 
that of the water from which it is raised. The motion of the 
particles of the steam, at the nozzle, is due to the work of the 
expansion of the steam. 

Ex. 1. Steam is discharged from a nozzle, whose area is 2 
inches with the velocity of 500 ft. per second ; how many 
H, P. would a wheel perform which takes np all the work in 
the steam ? 

Vol. steam discharged per sec = xl*' ^ ^^ 

Wt „ „ „ = 144x1711 - ^5dbll>a. 

Accumulated work per sec. = ^jr = 985. 

. TT P - ^^ ^ ^^ - 1-7 

Ex, 2. If 9 cubic feet of water be evaporated per hour, 
when the area of the nozzle is 1 inch ; how many H. P. will 
the wheel have ? 

1711x9 



YoL steam discharged per sec. = 



60x60 



• -rr 1 ». ^ 1711x9x144 ^^ . ^ 

.•. velocity steam per sec. = ^^ = 68*4 x 9 

Wt. steam discharged per sec. = ^^^ = 017 X 9. 

/, Accumulated work per sec. = ~^f ~ — 

= 1-23 X 9». 

From this expression it appears, that the work performed 
by steam, in this manner, increases with the cube of the water 
evaporated; this remarkable result is due to Professor 
Moseley. 

H. P. =m^^= 1-6. 

33000 
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Observation, Li these calculations the coefficient of efflux 
has been neglected. 

Work of the Fire Engine. 

62. In this engine, water is thrown from a pipe with » 
velocity necessary to reach a certain distance ; in this water^ 
therefore, there is accumulated work, the amount of which 
may be determined by the usual expression. 

Ex. 1. The section of a pipe <^ a fire engine is f in., and 
the Telocity of the water discharged 50 ft. per second ; re*- 
quired the work which must be applied to the engine per 
minute. 

Here wt. water discharged per min. =3 . ',.- x 50 X 

o r 4x144 

60 X 62-5. 

. . ,, , , . 502x3x50x60x62-5 

/. Accumulated work per mm. = r — t-t-, — 7rn 

'^ 4 x 144 X 64^ 

= 37949. 

Ex. 2. How many men will it take to work the engine in 

the last example, allowing that a man can perform 2600 

effective units of work per min. ? 

TIT 37949 1 4 - 
No, men = =s 14'5 

• 2600 

Ex. 3. Eequired the same as in Ex. 1, when the section of 
the pipe is 1 in., and the water is projected with a velocity of 
120 ft. Am.699^SU 

Poneelet^a Water WheeL 

63. In the common undershot water wheel, the paddles are 
fiat, whereas in Poncelet's wheel they have a curved b 
shape, AB; so that the direction of the curve at A« ^ 
where the water first meets the paddle, is the same ^ 

as the direction of the stream. By this ingenious con* 
trivance, the water rolls up the curved incline A B, without 
meeting with any sudden obstruction calculated to occasion a 

r 3 
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loss of work. The diannel has a depression at the point 
where the water falls from the paddles. Let V be the 
velocity of the stream, and v that of the wheel, then since 
the point A of the paddle is moying awa j from the stream, 
the water will flow upon the paddle with the velocity V — v, 
and will continue to run up tiie curved incline imtil it has 
lost its motion,^ it will then descend, acquiring in its descent 
the same velocity as ih&t which it had in its ascent^ but in » 
contrary direction. If the wheel were not moving V ^ -0 
would be exactly the velocity ef discharge from right to left, 
but the paddle is moving the water from left to right with 
the v^odty v, th^efore the absolute v^ecity of the water 
upon leaving the paddle will beV — r — t; = V — 2v. Now 
all the work will have been taken out of the water, when its- 
motion upon leaving the paddle is nothing, that is^ when 
y — 2» = 0, or V = 2r, Li this case, the water having lost 
all its motion, will simply drop from thd paddle, and the 
work done upon the wheel will be equal to the work ac- 
cumulated in the water of the stream. Moreover it appear^ 
that this maximum condition is fulfilled when the velocity of 
the stream is double that of the wheel. However the dis- 
tinguished inventor states, that, in practice, the velocity of 
the water, in order to produce its maximum effect, ought to 
be about 2^ times that of the wheel, and that then the 
modulus of the wheel is about •?. This wheels other things 
being the same, will perform about twice the work of the 
common undershot wheel. 

When there is motion in the water after leaving the wheel, 
we must calculate the work accumulated in that water, and 
subtract it from the. whole work originally in it, in order to 
obtain the work done upon the wheeL Proceeding in this 

way, after a little reduction, we And U = (T — v)i7. 

Ex, 1. !Ninety cubic feet of water flow upon the paddles of 
Poncelet's wheel per second, with the velocity of 6 ft, when 
the wheel moves at the rate of 3 ft. per second ; required the 
tl. P. of the wheel. 



i 



This is obviously a case of maximum work. 

Weight water flowing per sec. = 90 x 62*5 = 5625. 

/.-Work per sec: = ?l^|^=:3l4r.^ 

Hence we find the BLP. = 5*7. 

Ex, 2. Begmred the same as in the last exaanple, when 
70 cubic feet of water fiow upon the paddles. Ans, 4*4 

£x. 3. Baqoired the same as in the preceding «xainpiie% 
vrhea 1h& quaiitf tjr «£ water is 60 4^. ft., the Telocity of the 
fitream Z fL and liiat of the wheel I ft. Ans. l-ld- 

Here the Telochy with which the water learea the paddles 
= 3 — 2 X ls=l:ft. 

.•. Work remaining in the water ==ii2i80x_62;5 

Work in the water at first = ^^ x 00 X €2-5^ 

64i. 

Taking the difierenoe of these expreteions we fiiMi the 
work done upon the wJieei per second to be 621*7. Thae 
result mi^t have been more easily calculated from the 
gena'al expres^on for U given in page 102: 
. TT T> ^ caWKgo _ T,,^ 

Eve, 4. Required the same as in the last eaaunple, when the 
water flowing per second is 60 cubic feet, the velocity of the 
stream 9 ft, and that of the wheel 4 ft. Ans, 8'47. 

Observation, In these questions no account is taken of 
friction and other resis^nces: 
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THE FLY WHEEL. 

To find the position of the crank corresponding to its 
maximum arid minimum velocity in a single acting engine. 

M. Let O P aind O D be the required 
positions of the crank, and let us sup- 
pose P to be the constant pressure of 
the connecting rod acting always in a 
vertical line. Put Q for the constant 
resistance, acting at one foot from the 
axis of the fly-wheel, equivalent to the 
work of the engine. '^ The motion will 
be accelerated from P to D. This ac- 
celeration will commence when the moving pressure is equal 
to the resisting pressure, and it will cease under the same 
condition. The former will correspond to the position of 
minimum, the latter to that of the maximum velocity. 
Hence at these two points the moment of P must be equal 
to the moment of Q, and the point D will be as much belovr 
the horizontal line O V as the point P is above it. 

.\ P X 1 = Q X 1. 

Again, we have by the equality of work, putting r for 

OP, 

Work of P in 1 revo. = 2rP. 

„ Q „ = Q X 2 X 3-14ia 

; A 2 rP = Q X 2 X 3-1416 ...(1). 

Dividing the former equation by the latter, we have 

^^-:rTW = -3183. 

' Now this is the cosine of the angle P V ; hence from the 
tables, we find P V = 71° 27^ 

To find the Dimensions of the Fly Wheel 

65. Let d and p be the maximum and minimum velocities 
of the wheel at the distance of 1 from the axis ; W the 
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weight of the wheel, and k the distance of the centre of gyra- 
tion from the axis. 

Work of Pfrom PtoD = P x PD = 2 r Psin71** 27' 
= 2 r P X -948. 

WorkofQfromPtoD=9><^><^'^^^i^><^^^^^-^^ 
^ 360* 

= 2rP X -3968, 

B7 substituting the value given in equation (1) Art M. and 

reducing. 

Now the difference of these will give us the work that 

goes to increase the speed of the wheel between the points 

P and D, that is 

Work going into the wheel between Pand D = 

2 r P X -948 - 2 r P X -3968 = rP x 1-1022. 

Accumulated work at P = -? 



„ at D = 



29 



A* W 

.*. Accumulated work gained from P to D =— — (cP —/>*). 

But this must be equal to the work before found. 

.•/4^((P - «2) =. ^p X 1.1022 ... (1). 
2g ^ * ' 

Let V be the mean velocity of the wheel at 1 from the 
axis, and let the velocities d and p^ at each of the extremes, 
differ from this mean by an n^ part ; then 

£? = Y+-,o = V- X., and 
n '^ n 

Let also U be the work of the engine, and N the number 
of strokes performed per minute ; then 

V = 2 X 31416 X ^=-10472 x N ...(3). 

60 

U = 2 rPN, .-. rP = il..,.(4). 

F 5 
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Sabatitating Uie values giran in the equatioae (2), (3^ 
aiid (4), in equation (1), and redudiig the given qoaotitiM 
Ve fin&ll; obtaio, 

W= 5^x808-2.. .(5> 

After the same manner we may derive tiie equatloD, 
expreEsing the relatioB of tke dements, fortbe double acting; 
engine. This result, obtftined without llie aid of the difieren.- 
tial catculu?, is substantially the same as that given m 
Moselej'e Ei^ioeering, page 385. For further details on 
this intei<eating subject, see the work JHst referred to, or 
Hann's treatise on the Steam Engine. 

£x. I. The U. P. of a single actii^ engine are 30, the 
numb^ of strokes perfonaed by the piston per rainute is 20, 
the distance of the centre of gyration of the fly-wheel from 
the axis 10 Beet ; it is required to find the weight of the 
wheel, so that tlie velocity of each revoiuion may not vary by 
more than i from the mean. 

HereU= 80 X 33000; iS = 10 ; N = 20 ; and n =5. 

Substituting these values in eq. (5) we obtain, W = 2-23 

Ex. 2. Required the same as in the last example, when 
U =330000; A = 10; N = 20; and « = 15. 

Aiu. 2-2 Uns. 

EQUILIBKIUM OF FRESStTRES, &e. 
Parallelogram of Forces. 
66. Let the board A W R 
be placed upon three balls 
Tolling freely upon a hori- 
zontal table. Take nny three 
points, B, Q. and S, in the 
surface of the board, and k't 
the cords A B, D Q, and R S 
be attached to the points. 
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^These, cords p«ss t>yer puEejs, and have different weights 
hasigiDg at their extremities. Under this, arrangement the 
board, acted upon bj three forces, will roll upon the table 
until it comes to a posiUoa where the three forces destroj 
each other** When this. positioa has been attuned, the fol- 
lowing important reli^on will be obsarved, betwe^i the 
direction and magnitude of the iarceB, 

1. The direcdan of the forces wiU intersex or meet, in 
the same point a. 

2. From a scale of equal paaia, take cff or eqxMl to the 
units of pounds in the weight, or force, drawing hj the cord 
Q D, and in like manner fr(»a the same scale of equal parts 
take off o i: equal to the units of pounds in the w^ht, or 
force, drawing hj the cord A B, then if upon the two lines o r 
and 1; we construct the parallelogram orev, the diagonal o e 
will be the directum of the third force acting bj the cord K S^ 
and the units of length in the diagonal o € will give the units 
of pounds in the we^ht, or force acting by this cord. This 
is called the principle of the paralleiogram of forces. The 
forces represented hj the sides o r and o tt are caUdd due com- 
ponent forces, and the force just equivalent to these two and 
represented hj oe^ is called the res«iltaat. 

3. Instead of three forces being applied to the board, let 
there be any number. JL&t P be any point tak^i in the boai-d, 
and from this point let fall the perpendiculars P 72, P ^ P /, 
&c. on the directions of the forces, or if necessary, on the 
directions of the forces produced ; then the units of length in 
any one of these perpendiculars, multiplied by the units of 
pounds in the corresponding force, will be the moment of that 
force tending to turn the board upon the point P ; and then 
the principle of the equality of moments, explained in Art. 
32. will be observed. 

67. Let A B (see ^g, page 66.) be a platform with a 

* An apparatus of this kind may be purd»9ed at Watkins and Hlli, 
Charing Cross. 

F 6 
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load C upon it, supported hj a chain AD; it is required to 
determine bj construction the tension of the chain, and also 
the amount and direction of the pressure upon the hinge at 
B,.the weight of the platform being neglected. 

Construction, Through the point C draw the vertical line 
C o, intersectin'g the direction of the chain in the point o, ^ 

join B and o, and from a scale of equal parts set off O n equal 
to the units in the weight placed at C ; draw n r parallel to 
A D, and r e parallel to C o, then noer will be the parallel- 
ogram of pressures. Because O is the intersection of two of 
the forces or pressures ; therefore by Prop. 1. Art. 66. the 
direction of the third force must also pass through O ; but 
this third force must also pass through B, — hence it follows 
that O B is the direction of the pressure upon the hinge. 
From the scale of equal parts measure o r, and it will give the 
units of pressure on the hinge, and in like manner o e will 
give the units of pressure tending to break the chain. 

Ex. 1. Let B A = 3 ft., B D = 5 ft, B C = 2 ft., and 
the weight at C = 1^ tons, then it will be found by con* 
struction that the pressure on the hinge as '8 tons, and the 
tension of the chain =1*16 tons. 

JEx. 2. Bequired the same as in the last example, when 
the load is 8 cwts. Ans. 4*3 and 6*2 cwts, 

Ex. 3. In the platform of Example 1, the chain is just able 
to support 24 cwts. ; what weight may be placed at G ? 

Here we first mark off o e = 24, then construct the parallel- 
ogram oe my and the units in o n = 31 cwts, which is the 
weight required. 

Ex. 4. Required the same as in the last example, when the 
chain is just able to sustain 32 cwts. Ans. 41 cwts, 

68. A pole D (see fig. page 65.) supported by a cord A D, 
carries a weight W ; it is required to find the tension of the 
cord, and the pressure on the pole. 

Construction. On the line D N mark off D n equal to the 
units of weight in W, draw n I parallel to D A, intersecting 
D O in I, and from I draw I e parallel to D n ; then D n le 
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will be the parallelogram of pressures ; therefore the units in 
D e will give the tension of the cord, and the units in D I 
will give the pressure upon the pole. 

Ex. 1. Let O D = 50 ft, A = 20ft, A D = 60ft., 
and W = 25 cwts. ; required- the tension of .the. cord, and^^ 
the pressure on the pole.. 

Construction. With the three given dimensions' constructs 
the triangle A D, from D let fall the perpendicular D liir 
upon A O produced, from the scale of equal parts mark off 
D n = 2Sy and construct the parallelogram n e, then it will 
be found that D e or the tension = 28 cwts., and D I or the 
pressure on the pole = 50 cwts., t 

Ex. 2. Required the same as in the last example, when 
W s= 15 cwts. Ans, tension =16 cwts., and pressure on 
the pole = 29 cwts. 

Ex. 3. If the cord in Ex* 1. is just able to sustain a tension 
of 35 cwts., what weight may be suspended from D ? 

Ans. 31 cwts.. 

Here D & is taken equal to 35, and then the parallelogram 
» e is constructed 

Ex. 4. Required the same as in the last example^ when the - 
tension of the cord is 22 cwts.. Ans. 20 cwts. nearly 

Ex. 5. Let D be a ladder weighing 3 cwts. and having 
its centre of gravity, c, ^ from the foot, required the amount 
and direction of this pressure on the ground,, supposing the- 
ladder to be supported by the cord A D. 

Ck>nstruct the triangle A D as in Ex. 1. take o c = J of 
50 = 16-6, through c draw R c perpendicular to A N, pro- 
duce R c until it intersect A D in a point which we shall call 
V, join the points V and O, then Y O will be the direction of 
the pressure on the ground. Construct the parallelogram of 
pressures, as in the preceding examples^ and the pressure on 
the ground will be found to be 3-9 cwts. 

69. A beam F B is supported by a cord FA; it is re- 
quired to determine the direction and tension of the cord 
B H, so that the beam may not change its position. 



tio 
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Consfrudion. Through th« centre of 
-gravity, C, draw the vertical line C K, 
produce A F until it intersect tfau yer- 
tical line in the point K, j<nn K vaS. B, 
'then K B prodsced will give the dirwtkm 
of the cord. Take K I equal to the units 
in the weight of the beam, and construct 
the paralieio^ram of pressures N V, then 
4he nmts in K V wiH give the tensiooi of the ^oord H B. 





70. A gate A H is supported by « pin 
turning iv^ a socket at 0, and prevented 
from fWtiifiig in liie direction A D bj a 
liook and loop at A ; it is required to de- 
tennine the amount and direction of the 
fyressnve upon the pin O, and the force 
4«nding to draw the hook A firom the 
walL 

Construction. Through the middle, or centre of gravity of 
the gate, draw the vertical line D C, join the points D and 
O, then D O will be the direction of the pressure upon the 
pm. Take D O equal to the units in the weight of the gate^ 
and construct the parallelogram of pressures C F, then the 
units in D Q will be the pressure upon the pin, and the units 
in D F wiii be the force tending to draw the hodc. See 
Art. 67. 

Ex. 1. Let O H = 5 ft, A = 4 ft, and the weight of 
the gate = 2 cwts., then it will be found that the pressure 
upon the pin o = 2*35 cwts^ and the pressure upon A = 
1*25 cwts. 

Sx. 2. Required the same as in the last example, when 
the weight of the gate is 160 lbs. 

* Ans. Pressure on = 188 lbs., and pressure on A = 
100 lbs. 



To determine whether a pillar wiil stand or fall tehen acted 
ttpon ^a given pressure. 

n. Let P be the direclaon and amount of the ■^rfnatxn, 
tending to tnm the pillar npon the edge as s centre ; 
' and A V a vertical line passing through the centre of gravity 
of the pillar, intersecting the line P produced la the point 
A ; from n scale of equal parts, take A C 
equal to the units in the pressure P, and 
from the same scale take AB equal 
to the onits of wei^t in the pillar ; 
construct the parallelogram of forces 
A B D C, then by R^p. 2. Art. M. 
A D will be the amount and direction 
of the single force tending to overtuni 
the pillar. If A D produced intersect 
the base within the edge 0, the pillar ■will stand ; and on tlie 
contrary if the point of intersection, Q, fall without the base  
the pillar will fall ; but if it intersect at the edge O, then the 
piHar will just be npon the point of overturning. 

It is obvious that if the whole pQlar staild, any pillar of a 
less height will also stand, other things being the same. The 
point Q is called the point of resistance. Professor Mosdey 
first gave the general equati<H) of the line of resistance for a 
given structure. 

Ex.l.JM E = 20 ft., V = 1 ft., length = 1 ft., 
E P = 1-5 ft., weight of the material = 100 lbs., P = 200 
lbs., and its dinctioii iOP inclined to the horizon. 

Hen, wngfatpOlar = S0x2xlxl0O= 4000 lbs. 

CoHttrmetioit. Draw tbe rectangle RPO, &c. ; considerii^ 
the onits mi the scale to be thousands, take A B = 4, A C 
= "2, complete the par^lelogrun B C, and the diagonal, A D, 
produced, shova that the pillar will stand. 

Ex. 2. Eequired the same as in the last example, when 
F = 400 Ihs., and the w^ght of a cubic foot of the material 
= 120 Ihs. Ans. The pillar wiU fall. 
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Ex. 3. Required the thrust F, in Ex. 1., so that the pillar 
may just be upon the point of overturning. 

Join the points O snd A, take A B := 4, and construct the 
parallelogram B C ; measure off A C from the ac^le, and it 
will give 250 Iba. nearly, for the pressure required. 

Ex. 4. Required the same as in the last example, when the 
angle which P makes with the horizon is 45°. Ata. 303 lbs. 

Modviut of Stability. 

72. A structure will be more or less stable, according as 
the point of resistance, Q, is more or less distant from the 
edge O. Hence the modulus of stability, may bo deSaed to 
be, the ratio that Q bears to V. Thus, if Q were in the 
middle between and V, the modulus would be -^ ; if Q were 
at V, the modulus would be I, or the most stable possible, 
under the given conditions ; and if Qwere at O, the modulus 
would be 0, that is, the structure would be on the point of 
OTertuming. Vaabaa considers that the modulus of a good 
Structure ought to be about j. 

Ex.l. WhatmustbethapressureP, inEx. 1. Art.71., so 
that the modulus of stability may be ^ Ans. 1 10 R>s. 

Cotutrttction. Bisect Yin the point Q, join Q and A,from 
a scale of equal parts take A B = 4000, and conatmct the 
parallelogram of pressures B C ; then the units in A C will 
give the units of lbs. in the pressure P. 

, PreisureofRoofs. 

73. Let C A and Q A be the 
rafters of a roof resting upon 
the side walls at C and Q: it is 
required to determinethethruBt 
on the points C and Q, the roof 
being without a tie beam. 

Construction. Let ns suppose 
that the weight of the roof is equally distributed over the 
surface, and that afoot of length of this roof acts upon a foot 
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of length of the side walls. Find the weight of each side €)f 
the roof one foot long, and let a weight W, be suspended from 
A eqnal to the half sum of these weights, then one half of the 
whole weight upon the rafter, C A, will act perpendicularly 
upon the wall at C, the other half acting in the weight W ; 
and in like manner one half of the whole weight upon the rafter, 
Q A, will act perpendicularly upon the wall at Q» the other 
half acting in the weight W. Now take A O equal to the 
units of weight in W, and construct the parallelogram of presr 
sures n Cy then A e will give the thrust upon the rafter A C> 
and A n the thrust upon A Q. 

Ex. 1. The span of a roof is 32 ft., the pitch 30^, and the 
weight of each superficial foot 8 lbs.; required the thrust upoB 
the rafters. Ans. 148 lbs. 

Here by constructing the triangle C A Q, we find C A =: 
18-5 ft, and the weight of 1 ft. of the roof = 18-5x2x8 = 
296 lbs. ; hence W = ^ of 296 = 148 lbs. From a scale take 
A O = 148, and draw the parallelogram n e, then the units 
in A e will give the lbs. thrust upon the rafter* 

Ex. 2. Required the same as in the last example, when the 

pitch is 45°, and the weight per square foot 12 lbs. 

Ans. 192 lbs, 

74. To determine the tension of the tie beam G Q, or of a 
cord connecting the feet of the rafters. 

Construction. Take C a equal A e, the thrust upon the rafter 
A 0, draw a P perpendicular to C Q, and construct the paral- 
lelogram a / C P, then, by Art. 66. Prop. 2, the pressure C a 
is equivalent to the two pressures C / and P, now the latter 
pressure gives the tension of the cord which would be pro- 
duced by the thrust of the rafter C A ; but the rafter A Q will 
produce an equal and opposite tension, therefore the units in 
2 X C P will give the units of tension of the cord C Q. 

Ex. 1. Required the tensions of the tie-beams, in Ex. 1. 
and 2. Art. 78. Ans. 256 and 271 lbs. 
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To determine the amouHt cmd iireeHan ofU^e pressure ^ the 

rocfy tsfidrng to overturn the tide wails. 

75. ItbasbeenslMWi^inArtTS^thatbesideSyCA^thethraii^ 

upon the rafter, we hare a vertical pressure upon the vaU, 

arising from one half the weight home by the rafter. Take 

t eqaal to the units in this vertical presgnre, ud construct 
the parallelogram C oF, i, then the dxagonal CP^ wiU gire 
the amount and direetion of the pressure of the roof tending 
to overturn the wall C. 

Ux, 1. Required the pressure 9q)on the wall in Ex. 1« 
Art. 73. Here we take C a = 148, C € = 74, or one half 
the units of weight in «ach rafter, then the pressure O P^ = 
200 Ifos. nearly, and the inclination to tiie horizon 49^ 

Ex,2. Required the same as in the last example, when the 
span of the roof is 80 ft, the pitch 46^^ and the weight- of a 
superficial foot of the roof 12 lbs. Ans, 760 &s, nearly. 

Ex, 3. Required (he same as in the last^exampfe, when the 
span is 20 ft. Ane. 190 Ibe. nearly. 

Ex.A. K the side wall in the last example !» ISffc. high, 
2 ft thick, w^ght of the material 120 lbs. per cubic foot, and 
the rafter foot at 6 inches from the exterior edge of &e widl; 
will the structure stand? 

Here the weight of 1 ft length of the wall = 2 x 1 x 15 x 
120 r= 3600 lbs. 

Then proceeding as directed in Art. 71. we find that the 
wall will stand, and that the line of resistance meets the base 
at about 7 inches from the outer edge. 

Ex. 5. Would the wall in thfe last example stand, if it were 

1 ft. thick ? Ans. It would faU. 

Pressure of Fluids on Embankments, 
76. Let H B be the side of 
a vessel filled with water, then 
the pressure of the fluid upon 
any point, P, in the side, will 
be due to the perpendicular 
depth H P. This is, in other 
language, stating thdiithe pres- 
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sure is proportional to the depth. The reason of this is, — 
since gravity acts upon all the particles of the fluid, each 
particle presses on that which is next below it, and then, from 
liie pecidiar property of a fluid, this pressure is transmitted 
equally in every direction. 

In the base B C produced take B A equal to B H, the 
perpendicular depth of the fluid, then the pressure upon ihab 
point B will be due to the pressure of a column of fluid whose 
height is B A, join A and H, and from any point P draw P D 
perpendicular to B H, then because PD=rP H, the pressure 
on the point P will be due to a cohmm of fluid whose height 
is PD, and so on to any other point in the side of the vessel. 
Let us now^suppose that the depth of the water, H B, is 3 ft., 
and the length of the side 4 ft., then the whole pressure upon 
the side will be equivalent to the pressure, or weight, of a 
mass of fluid of the form of the wedge, A B H, that is, 
Pi*essure =3 x 4 xf x 62*5 = 1125 lbs. 

Here we observe that the lbs. pressure upon the side or 
proposed surface of a vessel is equal to the weight of a column 
of fluid whose base is the area of the surface, and perpendi^ 
cular height, the depth of the centre of gravity, or middle 
point, of that surface. 

JSx^l. Beqinredt&epnetiure on a flood gate whose breadth 
is 8 ft. and depth 6 ft 

IVettwre a=6 X 8 X f X 62*5 = 9000 lb«r. 

iSe. 2. The depth of wster pressing against an embank- 
ment 18 9 ft., required the pressure upon each foot of length 
itt the embankment. Ans. 2531^ lbs. 

JEx. 3. Compttre the pressure upon the sides of a cubical 

vessel filled with water, with the pressure upon the bottom, 

allowing, for the sake of simplicity, that the side of the base is 
2 feet. 

Pressure on the ba8e=2x 2x2x62*5. 
„ sides = 2 X 2 X f X 62-5 x 4. 

Pressure on sides « i . i 
•*• FttsmwoDb ^ == 2' ^^^ ^ ^® pressure on the sides 

is twice that on the base. 
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Ex. 4. Seqaired the pressure on the staves of a cjdindricci 
barrel filled with water, the diameter of the baae being 3 feet, 
and the perpendicular height 4 feet. AfU. 4712 Ids. 

77. It wiU readilj be Been, that there must be a certain. 
point in the aide of a vessel, filled with water, where a single 
pressure will exactly cotmlerbalance the pressure t£ the water 
against the whole side. Ttiia point is called the centre of pres- 
sure. It must obviously lie in the line, D F, passing through 
the centreof gravity of the fluid wedge A BH. But by Art. 
34., B P = ^ B H, that is, the centra of pressure P, lies at 
one third from the bottom of the vessel 

If the stares of a barrel be kept together by a single hoop, 
and if the barrel be filled with wat«r, then the hoop must be 
placed at one third &om the bottom. 

Ex. 1. Required the centJ« of pressure in Ex. 1. Art 7«. 

Atu. 2/1. Irom the bottom. 

£x. 2. Bequired the centre of pressure in Ex. 2. Art. 76. 

Am. 3/t. from the bott(»u, 

78. An embankment^ £ D, sugtaias the pressure of water 
whose centre of pressure is at P, it is required to detenuine 
the conditions of equilibrium, &c., auppouug the embankment 
to turn over upon O as a centre. 

Let C Y be a vertical line 
passing through the centre of 
gravity of the embankment, F 
the centre of pressure of the 
water. Draw P I perpendi- 
cular to B 0, then the product 
«f the pressure of the water by 
O I, will give the moment of 
(he water, tending to turn the 

embankment over upon as a centre; and in like manner, the 
product of the wught of the embankment by V, will give 
the moment of the embankment, tending to turn itself in a 
direction opposed to the pressure of the water. "When these 
moments are equal, the embankment is upon the point of 
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overturidng. If the moment of the water be greater than 
that of the embankment, the structure will fall, and vice vers&. 
In the following calcula|ions th#length of the embankment 
is taken at one foot, because if it stand for one foot, it will 
stand for any other length. 

Ex. 1. Let R = 9 ft., O D = 3 ft., and the weight of 
a cubic foot of the material = 150 lbs., will the embankment 
stand or fall when the water is at the top ? 

Surface upon which the water presses :=: 9 x 1. 

Pressure of the water = 9 x 1 x f x 62*5 = 2531-25 lbs. 

Distance of the centre of pressures from the bottom, or 1 

= f=:3ft. 

/. Moment of the water = 2531-25 x 3 = 759375. 
Weight of the embankment =s3xlx9xl50 = 4050 lbs. 

Moment of the embankment = 4050 x f = 6075. 
Here we find that the moment of the water is greater than 
that of the embankment, — Whence the structure will fall. 

Ex. 2. Required the same as in the last example, when the 
height is 12 ft., the thickness 5 ft, and the weight of a cubic 
foot of the material 120 lbs. Ans. The embankment wiU be 
just upon the point of overturning. 

Ex. 3. What must be the height of the water in Ex. 1. so 
that the embankment maj be upon the point of overturning? 
Here we have by equating the moment of the pressure of 
the water with that of the embankment, 

^^^ x 62-5 = 6075 ; and /. height = 8-3 ft. 

Ex. 4. Required the base, or thickness, of a rectangular em- 
bankment, when the height is 15 ft., the weight of a cubic 
foot of the material is 140 lbs., and the water stands at the 
brim, so that the structure maj be upon the point of over* 
turnings 

Proceeding as in the last example, we find, 

Base^ x 1050 = 35156-25, and .*. base = 5-7 ft 

Ex* 5^ Let the embankment have the form of a trapezoid, 
AHBC, (See fig. to Art. 76.) where AB = 3ft., BC = 
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2 ft., B C ss 9^ fl., and the weight of a cubic foot of the mste*^ 
rial = 100 lbs. ; wiQ the embcu^ment stand oe iaU, when lOle 
water is at the brim ? • % 

Let the embankment be divided into two parts, viz. the 
rectangular part B R, and the triangolar part A B H. Now- 
by Art. 34. a vertical line passing throngh the centre of 
gravity of the triai^le, will cut the base at the distance of 2 ft^' 
from the centre of metion A ; and a line through the centra 
of gravity of BR will cut A C at the distance of 4 ft. from A. 

Wt. of ABH = ?^xlxlOO= 1350 lbs. 

/. Moment of A B H = 1350 x 2 = 2700. Similarly, 

Moment of B R = 1800x4 = 7200. 

.% Moment of the whole embt = 2700+7200 = 9900. 

Moment of the water = 9x 1 xf x62*5xf = 7593. 

Hence it follows that the embankment will stand. 

Ex. 6. Required the same as in the last example, whezk 
A B = 6 ft^ B G = 4 ft., and R C = 15 ft. 

Ans. It will standv 

JSx. 7. Required the modulus of stability of the steuctiu'e' 
in Ex. 1., when the base O D = 5 ft. 

Here the wt. of the strueture = 5x1 x 9 x 150^ = 
6750 lbs. 

Pressure of the water as 2531 lbs. 

Construction. Draw the rectangle R D, take D P s=r3^ 
draw P I parall^ to O P, bisect the base in the point Y, 
and draw V C perpendicular to O D, intersecting P I in the 
point C ; from any diagonal scale mark off C « = 6750, and 
C t=: 2531 ; construct the parallelogram n ty — th^i the 
diagonal C 6 produced will intersect the base in a point, 
whicfe we shall call Q, situated between O and V. The ratio 
between O Q and O V will be found to be about 13 to 25. ■• 

Ex. 8. The breadth of a flood gate is 10 ft., and the depth 
6 ft. The hinges are placed at 1 ft. from the respective ex- 
tremities of the gate. It is required to find the {pressure 
upon the lower hinge. 
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* Here the pressure of the water on each half of C 
the gate = 6 x 5 x f x 62*5 = 5e2& Ihs. j^ _" 

Let C I> be the height of the gate, A and B the 
hinges, and P the centre of pressure of the water, 
-then D P = f=2^AP = 5-2=3j Mid p_ 
BA = 6--2 = 4. Now since the pi^essure of the -„ 
water at P is supported by the hinges A and B, 
we have by the principle of the lever, Art. 28., ^ 

Pressure on B X 4 = 5625 x 3 ; /. Piressure on B = 
4218 lbs. 

JEx. 9. Required the same as in the last example, when 
the breadth of the gate is 8 ft., the depth 7 ft., and the 
distance between the hinges 4 ft. Ans, 4849 lbs, 

79. Let the embankment be supported by a shore, or stay, 
S y ; it .is required to find the thrust upon this st^y when 
the embankment is upon the point of overturning on the 
edge 0. 

Here the moment of the thrust of the stay, abided to the 
moment of the embankment, will be equal to the moment of 
the pressure of the water. Prom this equality, the thrust 
may be readily found. 

Ex. 1. Let H D = 12 ft., D=: 1-5 ft., weight of a cubici 
foot of the material = 130 lbs., S T = 5 ft., and S O = 3 ft. j 
required the thrust upon the stay when the embankment is 
upon the point of overturning on 0, the water being at the 
top. 

Wt. embankment = 1-5 x 1 x 12 x 130 = 2340. 

Moment of „ = 2340 X ~ = 1755. 

Let O T be the perpendicular upon the stay, then O T = 
2-4. . . 

.*• Moment of the thrust on the stay = thrust x 2*4* 

Moment of the pressure of the water = 18000. 

/. Thrust X 2-4 + 1755 =? 18000 ; and \ thrust = 6768. 

Ex. 2. Required the same ae in. the k^ example, when*. 
0D = 2ft. ^»*. 6200. 
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Ux. 3. Required the same as in Ex. 1., when the staj j& 
10 ft. lougy and placed with its foot at 8 ft. from O. 

Ans. 3384 Ufs. 



To determine the form ofmaximumy or equabUy strength of 

an embankment. 




The embankment, V H N F, will 
have a maximum strength if the part 
V U be upon the point of overturning 
upon the edge Q, at the same time that 
the portion V H N F is upon the point 
of overturning upon F, by the pressure 
of the fluid. 

Ex. 1. The height of the embank- 
ment, H N 3= 6 ft., y Q = 3 ft., and the weight of a cubic 
foot of the material = 120 lbs. ; it is required to find the 
base F N, so that the embankment may be upon the point 
of overturning on F, at the same time that the part Y U is 
upon the point of overturning on Q, when the water stands 
at the brim. 

Here we must first find the base Q U, so that Y U maj 
f)e upon the point of overturning on Q, by the pressure of 
?ihe water on H U. 

Put a? = Q U, then proceeding as in Ex. 4. Art. 78., we 
find, 

x» X 180 = 281-25 ; .-. a: = 1*25 ft. nearly. 

We have now to find F N, for this purpose let y = F D, 
then, 

Moment FQ = yxlx3xl20x|. 

Moment Y D N H=l-25xlx6xl20x(y+^). 

Moment water = 2250. 
INow the sum of the two former moments must be equal 
to the moment of the water, hence we find by rednctioxiy 

180 y>+900y+ 562-5 = 2250. 
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Solying this equation we find y =: 1*45, and F N s= 1*45 
+ 1-25 = 2-7 ft. 

Ex» 2. Required the same as in the last example, when 
y Q ss 2 ft, and the weight of a eubic foot of the material 
= 100 lbs. Am. Base of the top part = -912 ft. nearly, 

and base at the bottom = 3 ft. 

Revetment Walls* 

81. A wall sustaining the pressure of earth, or any loose 
material, is call a trevetment wall. The pressure of earth 
upon a wall is similar to the pressure of water, with onlj 
this difference, — that the weight of the material must be 
reduced by a certain ratio dependent upon the angle of it^ 
natural slope. The thrust of earth upon a wall is occasioned 
by a certain portion, of a wedge shape, tending to break 
away from the general mass. Coulomb showed, that the 
angle which this line of rupture makes with the vertical is 
one half the angle which the line of natural slope makes with 
the vertical. 

Now when the earth is level at the top, we may always 
find the pressure of the earth byv^rdiag it as afiuid, 
having the weight of a cubic foot, equal to the weight of a 
cubic foot of the earth multipiied by the aquare of the tan* 
gent of half the angle of the natural slope from the vertical 
In earth of mean quality the sangle of natural slope is about 
45^, then the square of the tangent of half this angle will be 
*1716, this number, therefore, multiplied by the weight of a 
cubic foot of the material, gives the weight, in this case, of 
a cubic foot of the equivalent fluid pressing against the 
walL 

In like manner it is also found that when the wall is sus- 
tained by the pressure of the earth, the weight of the equi- 
valent fluid is about six times the weight of the earth. 

Ex.h A Revetment wall 40 ft. high, and 10 ft. thick, 
sustains the pressure of earth of mean quality, haying the 
weight of a cubic foot equal to 100 lbs., it is required to 

G 
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determine wbether or not the wall will stand, taking the 
weight of a cubic foot to be 120 lbs. 

Here, wt. c. ft of the equivalent fluid = 100 x '1716 lbs. 

Pressure of the earth = 40x1 x^xl^^x •1716 = 
13728. 

Moment of the earth = 13728 x V= 183040. 

Moment of the wall = 40 x 10 x 1 X 120 x V = 240000. 
Hence the wall will stand. 

Ex. 2. Required the same as in the ^t example, when 
the thickness of the wall is 8 ft. Ans. It will fall. 

Ex. 3. Required the thickness of the wall, in Ex. 1., so 
that it maj be upon the point of overturning. 
Let X be put for the thickness, then we have. 

Moment of the wall == 40x 1 x« x 120x| =s 2400 x^ 

Now when the wall is upon the point of overturning, the 
moment of the wall, must be equal to the moment of the 
pressure of the earth. 

/. 2400 x^ = 183040 ; and « = 8-7 ft. 

Ex. 4. The embankment, in Ex. 1. Art. 78. is supported 
bj earth, of mean quality, 3 ft. in height, and level at the 
top ; will the embankment stand, when the weight of a cubic 
ft. of the earth is 120 lbs. ? 

Here, wt of equivalent fluid = 120 x 6 = 720 lbs. 

/. Moment of the earth =3xlxfx720x^ = 3240. 

This result being added to the moment of the wall, wiU give a 
quantity greater than the moment of the water ; — the em- 
bankment, therefore, will stand. 

In the preceding examples, the earth is supposed to be 
level at the top, but when the earth has its natural slope, a 
similar method of calculation will apply. "When the wall 
resists the pressure of the earth, we must take ^ of the weight 
of the earth, for the weight of the equivalent fluid ; and on 
the contrary, when the earth resists the pressure of the wall 
we must take J the weight of the earth for the weight of 
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the equivalent fluid. See Art. 324. and 328. of Moselej's 
Engineering. 

JSx. 5. Required the same as in Ex. 1., when the earth has 
its natural slope, and the thickness of the wall is 8 ft. 
Here, the wt. of a c. ft. of the equivalent fluids 100 x l-lbs. 

/. Moment of the earth = 40 xlx^xlOOx^x^ 
s= 133333. 

Moment of the wall = 153600. 

Hence it follows that the wall will stand. 

JSx. 6. A Bevetment wall is 30 ft. high and 6 ft thick; 
On one side of it earth of mean quality is sustained level with 
the topy and on the other side, the earth has its natural 
slope, and rises to the height of 5 ft. ; will the wall stand or 
fall, supposing that the weight of a cubic foot of the earth t6 
be 120 lbs., and that of the wall 130 lbs. ? 

In this case, the moment of the earth, which rises to the 
level of the waU, is opposed bj the sum of the moments of 
the wall, and the earth having a natural slope. 

Weight of the wall = 23400 lbs. 

,*. Moment of the wall, = 23400 x f = 70200. 

Wt. of a c. ft. of the equivalent fluid, with respect to^ 
the sloping earth = 120 x J = 60 lbs. 

Pressure of this earth =5x lxfx60= 750 lbs. 

Moment „ = 750 X f = 1250. 

Total moments sustaining the wall = 70200 + 1250 = 
71450. 

Preceding as in Ex. 1., we have, 

Moment of the level earth = 92664, 

As the latter moment is greater than the sum of the two 
former, we conclude that the structure will fall. 

Ex, 7- Required the same as in the last example, when 
the height of the wall is 24 ft. Ans, It will stand. 

jEx, 8. What must be the thickness of the wall in Ex. 6* 
when the wall is upon the point of being overturned ? 

Ans. 6'Sft. 

Q 2 
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Ex. 9. What must be the height of tlie sloping earth in 
Ex. 6. when the wall is upon the point of being overturned? 

Ans. IZft. 
Floaimg Bodies, •<— Speci/lc Gravity^ 

BSK* When « bodj dcmtsi it k snstained by the npfrsrd 
I^essure of the fluid ; and as there is an equilifariom of pres- 
sures, the upward pressure must be equal to the gravity of 
the floating body. But this upward pressare would just 
support a volume of fluid equal to that which is displaced, 
thlerefore the weight of 'the floating body must be equal to 
the weight of the displaced fluid* 

Hence it abo follows, that if a heavy body be weighed in 
water, the weight which is lost will be equal to the weight of 
water having the same bulk or volume as the body. In this 
way we are enabled to And the specific gravity of a body, or 
its weight as compared with the weight of an equal bulk of 
water. As the weight of a cubic foot of water is just 1000 oz., 
it is customary to consad^ the specific gravity of a body as 
the weight of a cubic foot of it. The table given in Art 92., 
contains the weight of a cubie foot of various kinds of ma- 
terial used in construction. 

Ex. 1. A barge (supposed for the sake of simplicity to be 
of a rectangular shape) is 10 ft. long, 5 ft. bt*oad, and 4 ft. 
deep, outside measure. The thickness of the planking is 2 
inches, and the weight of a cubic foot of tlie timber is 50 lbs. 
To what depth wiU the barge sink when loaded with .4 
tons? 

Content of the exterior solid s: 10 x 5 x 4 =: 200. 

„ interior „ = 9| x 4f x 3f = 172-92. 

/. Timber in the barge = 200-172-92 = 2707 c. ft, 

Wt. Timber in the barge = 27*07 x 50 a= 1353 lbs. 

Wt. displaced water =s 10 x 5 x d^th x 62*5 = 3125 x 
depth. 

/• 3125 X depths 1353 + 4 x 2240 ; and depth =: 3*3 fit. 

Ex, 2. Bequired the same as in the last example, when 
the thickness of the planking is 3 in. Ans, 3'5/i, 
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JSor. 3. What load will just fiink the ba^e in Ex. 1. ? 

Ans* 4*9 tofis. 

Ex. 4. What load wilk sink the barge in Ex. 1. to the 

depth of 3 ft. ? Ans. 3*68 tons. 

Ex, 5. Ebw fiir will tiie baige in Ex. 1. sink when emi^ty? 

Afu. •483//. 
Ex. 6. A bodj weighs 49 grains in air, and 42 grains 

in water; required the weight of a oubic foot of the subr 

stance* 

Here the loss of weight s= 49 — 42 = 7gr« 
; Now this loss is the weight of water baring the same bulk 
as the body. 

/• Na limes the bodj is hoavier than water =? y = 7« 
. But the weiji^t of a cu & of water is 1000 oz* 
. /.Weight 1 c ft of the bodjs 7 times 1000 oz. s= 7000 
ounces. 

Ex. 7. Required the specific grayitj of a bodj which 
weighs 36 gr. in air and 28 gr. in water. Ans. 4500. 

Ex, 8. A c. ft of timber sinks 9 ii^* in water ; required the 
specific gravity of the substance. 

Here <he weight of the displaced fluid will be the weight 
cf a cubic foot (3i ^ba timber. 

.% Spedfic grayitT' = 1 x 1 x ^ x 1000 = 750. 

Ex, 9. Bequired the weight of a mass of brick work 8 ft. 
long, 1*5 & thiokp and 10ft. high; the specific gravity of 
brick bdi3ig200Q. 

No. c ft of brick = 8 x 1-5 x 10 = 120. 
Weight 1 c ft. =: 2000 oe. 

„ 120 „ = 120 times 2000 oz. = 15000 lbs. 

Ex. 10. Bequired the number of c. ft of brick work 
necessary to weigh 2 tons. Ans. 35*84. 

Ex. 11. How many c ft. of water will it take to weigh 
375 lbs, ? Ans. 6. 

Ex. 12. A solid whose weight is GO gr., weighs 40 gr. in 
water, and 30 gr. in sulphuric acid ; required the specific 
gravity of the acid. 

o s 
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Weight lost in water = 60 — 40 =: 20 gr. 
„ „ acid = 60 — 30 = 30 gr. 

.'. No. times tbit the acid b hesTier than water = J$ 
= ti. 

.■. Spedflc grari^ add = 1^ times 1000 = J500. 

Ex. 13. A piece of metel weighing 36 lbs. in air, and 
32 lbs. in water, is attached to a piece of wood whose weighc 
is 30 lbs., and then the compound mass is fonnd to weigh 
12 lbs. is water ; required the specific gravitj of the wood. 

Wt. water equal in bulk to the metal = 36 — 32 = 4 lbs. 

"Wt. water equal in bulk to fhe compound = 36 -•- 30 — 12 
= 54 lbs. 

WL water equal in balk to the wood = S4 — 4 = 50 lbs. ' 

But the weight of the wood is 30 lbs., that is bulk for 
bulb, the wood will be 3 times the 5th of the wdght of tha 
water. 

.: Specific gravity wood = f of 1000 = 600. 

' lAmiting angle of remtance. 

83. Let W be a material particle 
acted upon by a pressure, P, in the 
direction of and equal in magnitude 
to P W. Complete the rectangle, 
A C, then, by Art. 86., C Wwill be 
the pressure npon the plane, and A 
W that part of the force, P, which 

tends to give motion to the particle along the plane. Put a 
for the angle P W C, then we have. 

Pressure on the plane = CW = P eos a. 
.', Resistance of iriction ^fP cos a. 

Effective pressure tending to move the particle in opposi- 
tion to friction = A W = P sin a. 

Motion will or will not take place, according as this pres- 
sure is greater or less than the resistance of friction ; and 
when motion is npon the point of taking place, the one must 
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be equal to the other, and then the angle a ia called the limit- 
ing aogle of resistance ; in this case, therefore, we have, 
fFcosa=Fsina; 

This result shows that the coefficient of fnction is equal to 
tlie tangent of the limitiog angle of resistance. If the 
pressure P bo applied within this angle, then no motion can 
take place, liowever great that pressure may be ; and on the 
contrary, if the pressure be applied without this angle, then 
motion will take place, however small that pressure may be. 
Professor Moseley makes this property the basis of his theory 
of machines. 

Ex. 1. If the coefficient of friction be •", what is the 
fimiting angle of resistance ? Am. 35°. 

£x. 2. Will the foot of the hidder, in Ex. 5. Art. 68., 
slip supposing the angle of friction to be 36°. 

^n«. It will not slip 

EguUibrium of tht lever, and the wheel ajtd axle, taking the 
Jriclion upon the axis into account. 



84. LetPOQbealever ""■ 

hftviiig the circular axis 
C T, turning within a cir- 
cular socket. In order that ' 
motion should take place 

in the direction of the ' 

pressure P, the resultant 
of the two pressures, Pand 

Q, must fall on the left side of the centre of the axis, and, 
by Art 83., this resultant, C T, must be inclined to T, at 
the limiting Agle of resistance. Taking T, therefore, as the 
centre of motion, we have by the equality of moments for the 
stnte bordering on motion, PxPI = QxQr, 
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Ex.\. LetP0=:14in., Q0»12in^ 0T«3iii^P» 
1 Ib.^ and angle TI = 30°. 

Here OI = «t«30° X 3=f; PI = 14-|=V; QI 

= 12 + 5- =: V> 

/. 1 X V = Q X V. «»^ Q = "^S. lbs. 

^x. 2. Bequired the same as in the last example, when 
angle O T I = 40°. Ans. -86 »«. 

^ar. 3. Let P O = 15, Q = 8, O T = 2, P = 2 lbs., 
and the limiting angle of resistance = 35°. Afu^ Q = Zlbs 

Ex. 4. Bequired the same as in Ebc 1., when the angle which 
the pressure P makes with the lever is 30°, and that of the 
Q is 35°. 

ConstrucHon. Produce the pressures until they intersect in 
a point which we shall call C, and join the points C and O.' 
Kow we have to draw the resultant of the forces P and Q; so, 
as to make the angle O T C = 30° ; for this purpose, describe 
a circle upon the chord C O, so as to contain the vertical 
angle = 30°^ Let this circle intersect the circumference 
of the axis in the point T, join T and C, on the line C P take 
off a space equal to the units in the pressure P, then construct 
the parallelogram of pressures, and the muta in the side lying 
on the line C Q will give the pressure Q s=: -8 lbs. 

Ex. 5. Bequired the same as in the last example, when the 
limiting angle of resistance is 35°, Ans. Q = '77 Ws. 

M, Let P be the radios of a wheel, and Q the radius 
of an axle; pnt W for the weight of the wheel and axle^ then 
at this weight acts through the centre 0, we have, 

PxPI-QxQI+WxOL 

E9. 1. The radius of the wheel is 24 in., the axle 3 in.» and 
the axis 1 ineh i reqaiz«d Q, when the power applied to the 
wheel is 60 lbs., the weight of the wheel and axle 40 lbs., and 
the limiting angle of resistance 30°. 

HereOI = i; P I = 24 - i = 23^5 QI=3+i = 3i; 
P = 60 lbs. ; and W =s 40 lbs. 

/. 60x23i = Qx3i+40x^; hence Q = 397 lbs. 

Ex, 2. Bequired the same as in the last example, when the 
limiting angle of resistance is 35°. Ans. 386 lb$. 
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To determine generally the force of Traction, 

S6b Let W (see fig. Art 83.) be a heavy body drawn along 
the horizontal plane A W, by the force of the traction P, acting 
in the direction and with the magnitade W P. This force 
may be removed into W A and Jf C, the former force jnst 
overcomes the nesastance of Motion, the latter tends to reduce 
the pressure of the body on the plane ; hence we have, pattmg 
6 for the angle PW A, 

Pressure W on the plane = W — "P sinb. 

/. Resistance of friction ^f(W — P sin b,) 

But when motion is about to take place, this resistance is 
equal to Iht force W A orP cm b. 

.\ Tcosb =/ (W— P sin b.) 

• P- f"^ (I) 

Precisely in the same way the traction may be found when 
the body is moved upon an inclined plane. 

Ex. 1 . A stone weighing 2 ewts. is drawn along a horizontal 
plane, by a cord inclined at an angle of 35^ ; required the 
force necessary to move the stone supposing the coefficient of 
fcietion to be *7. Ans. By substituting the given quantities 
m tiae fcumula (l\ we find P = 1*14 cwts. 

£x* 2. Required the same as in the last exanple, when the 
ang^ is 40^. Ans, 1*19 cwts. 



To find the least Traction. 

87. For y* substitute its value givea ia Art 83^ then by an 
easy reducti<my we find. 

Now P will be the least possible whoi the denominator of 
this expression is the greatest possibly whtch will obviously 
obtain when b — a =; (\ or a = ^» that is^ when the an^ of 

o 5 
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traction is equal to the limiting angle of resistance. In tliis 
case, therefore, we have, P = "W sin a ... (2). 

JSx. 1. Bequired the least traction in Ex. 1. Art. 86., taking 
a = 40^. 

Here by eq. (2), P =r 2 x -6427 = 1'285 cwts. 

JSx, 2. Required the least traction, when the weight of the 
mass is 9 cwts., and the rubbing surfaces arQ soft calcareous 
stone upon the same, giving 36^ 30^ for the limiting angle of 
resistance. Azu, 6*35 cwts. 



Proposition. 

88. If a heayybody be moved upon a rubbing 8urface,lying 
between two given points, by a pressure acting parallel to the 
surface, the work is always the same whatever may be the 
form of the surface. 

Let W (see fig. page 77.,) be a body moved on the plane 
A C, then by the resolution of pressures, 
, The pressure of W on the plane = W co5 A. 

/. Resistance of friction :=:fW cos A. 

/. Total work on the plane A C —fW cos A x AC+W 
xCB.=/WxAB+WxCB. 

Now this expression is independent of the inclintUion of the 
plancy it being, in fact, the work expended in moving the body 
over the horizontal distance A B, added to the work due to 
gravity in elevating the body the vertical space B C. As a 
curved surface maybe regarded as being made up of an infinite 
number of straight planes, therefore the work upon the whole 
curve will be equal to the work done upon the horizontal pro- 
jection of the curve, added to the work done in opposition to 
gravity. When the body descends the surface, the work of 
gravity becomes minus. This total work is obviously, inde- 
pendent of the nature of the curve. In general it may be 
shown, that whatever may be the zigzag course pursued by 
the body, the work will always be equal to the work on the 
projection of this curve added to the work due to gravity. 



TBJlCTIWH. 131 

This ptoperty is on example of what the author proposes to 
call, the pnDciple of the conservatioD of work. 

Obtercatitm. When the inclination of the plane is small, 
the horizontal distance may be taken equal to the length of 
the plane. See Art 11. 

Ex. 1. What work vonld a horse perform in drawing a load 
of I to9 to the horixonlal distance of ^ mile, up a ciured 
incline whose total elevation is 200 ft., the coefficient of the 
friction of the road being ^. 

Work on the horizontal line = -^ X -j-. 

Work due to gravity = 2240 X 200. 

.-. Total work = 147840+448000 = 595840. 

Ex. 2, Required the work, when the elevation is 80 ft., and 
the coefficient of friction ^. Ani. 425600. 

Ex. 3. Required the work in the last example, when the 
body is drawn down the surface. Ant. 67200. 

89. If the body W be upon the point of descending the 
plane by the force of gravity alone, then, the work necessary 
to move the body is nothing, and in this case we have, 
/WxAB — WxCE = 0; whence/=ta« A. 

This result is the same as that obtained in Art. S3. 

Parallelogram of pressures proved on the principle ofteork. 
VCK Let A C and B D be two inclined planes intersectiDg 
each other at right angles in the point W. Let a body W 
be placed between the two planes; then the force with which 
the body tends to descend the plane D B, r- 
will be equal to the pressure which it I 
exerts upon the plane C A; and the ten- I 
dency to descend the plane C A will be 11 
equal to the pressure exerted on the plane [I 
D B. Let a vertical lino W H be drawn ^ 
through the body, and take W H equal to the units of weight 
in W ; from H let fall H S perpendicular to the plane A C, 
and H V perpeudicular to the plane B D, then putting A and 
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B for the inclinations of the planes A C and B D, we bAwe, 
by trigonometry, 

W S = W fin A= (by Art. 42.) tendency down the plane 
AC. 

Similarly W V = tendency down the plane B D. 

Now these forces, W S imd W V, are gennvted by the 
gravity of tlie body, or a force represented by the diagonal 
WH. Therefore, &c. Having thus established thepropoMtiaii 
for the cose of the rectangle, it may be very readily extended 
to the general form of the paraUelegrauu 



E^ilibrium cfthe Arch. 

n. When the 
centres of an atch 
are taken away, the 
crown almost inva- 
riably sinks ; this 
occasions the joint 
at the crown to open 
at its lower edge, 
and at the same time 
a certain portion. 
D VP N, of tte 
arch to turn upon D as a centre, thereby producing a rup- 
ture, or opening, in the exterior edge at this point The 
same e&ct will take place in the other half of the arch. 
These two equal portions which thus tend to break away 
Gram the gmeral mass, exert a horizontal pressure along the 
line F C^ thereby tending to cause the walls of the structure 
to tnm ca their outer edges. The arch will undei^ a 
rupture at that point where the portion, D V P N, so 
breaking away, will produce the greatest horizontal thrust ; 
for this point must^ obviously, be the yielding part of the 
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To find the point of rupture. Let 6 G be a vertical line^ 
passing through the centre of gravity of the mass D P, and 
intersecting P C in the point B ; join the points B and D, 
take B O equal to the units of weight in the nuuss D P, and 
construct the rectangle O C, then the units in B C will hd 
the horizontal thrust, if it be greater than anj other so 
determined, and the point D will be the point of rupture. 
This m'ethod is due to Professor Moseiey. M. G. Lame 
and E. Clapeyron found that the resultant D B forms a 
tangent to the intrados of the arch, when the line of rupture 
is assumed to follow the vertical line D Y. This elegant 
property gives a very easy method for fincBng the point of 
rupture ; for if upon constructing the figure, as already de- 
scribed, it is fbund that B D touches the curv^ then D wiU 
be the point of rupture. The most troublesome part of this 
calculation, consists in finding the centre of gravity of the 
mass D V P N. TTiis has hitherto been done by dividing 
the arch into a series of small parts, finding the centre of 
gravity of each part by construction, and then by equating 
the sum of the moments of the parts, with the moment of 
the whole. The calculation thus conducted is exceedingly 
operose. To shorten this labour the author has given the 
following theorem. 

Theorem, if D Q be divided into n equal parts, and Hues 
be drawn from the points of division perpendicular to D Q^ 
cutting the intrados and extrados ; let X and Y be put for 
D Y and N P, the extreme ordittates respectively, and 
A, B, C, &c., for the first, second, third, kc, intermediate 
ordinates, or vertical distances between the intrados and 
extrados, than putting d for the common distance between 
the ordinates, 

DG = <i {X-h(3n-l)Y+6(A+2B+3C+&c.)} h- 
3 { X+ Y+2(A +B -f C + &c.) } 

Cor. If that part of the divisor whic^ is within the 
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brackets be multiplied hj - it will give the area of D V P N. 

 

Having ascertained the horizontal thrust, B C, we must 
now find the centre of gravitj of the whole mass, including 
the semi-arch X P N H, with its load if any, and the pier 
H X ; then supposing the pier to turn upon its outer edge, 
if the moment of this mass exceeds the moment of the hori- 
zontal thrust, the structure will stand, and vice versa. See 
Art. 71. 

Ex. 1. The radius of a semi-circular arch is 11 ft., the 
thickness at the crown 18 in. ; the mason work is built level 
with the crown, and the weight of a cubic foot of the material 
is 120 lbs ; required the point of rupture, and the horizontal 
thrust, taking 1 foot length of the arch. Ans, 65° from 

ihe crown ; and thrust 1900 lbs. nearly. 

Here constructing the figure on the scale of an inch to the 
foot, and dividing D Q into 6 equal parts, we find X = 7*8, 
A = 5-4, B = 3-8, C = 2-8, D = 2, E = 1-6, Y = 1-5, and 
4» = 6, ^ = f . Then bj the formula, we readily find D G- 
= 3-53 ft., and weight D V P N = 4000 lbs. Take B 0= 
4000 lbs., and construct the parallelogram O C, then B C = 
1900 lbs. nearly ; and as B D forms a tangent to the curve, 
the point D will be the point of rupture. 

Ex. 2, If the piers in the last example be 4 ft thick, and 
their height 28*5 ft. measured to the level of the crown ; 
will they stand or fall ? 

Here the weight of the whole semi-arch = 5100 lbs. 

The distance of its centre of gravity from the outer edge 
of the pier = 7*6 ft. Weight of the whole pier = 4 x 1 x 
28-5 X 120 = 13680 lbs. Hence, we find, moment of the 
pier = 13680x2; moment of the whole semi-arch = 5100 
X 7*6 ; and moment of the horizontal thrust = 1900 x 28*5. 
The sum of the two first moments being greater than the 
moment of the thrust, it follows that the pier will stand. 
This may also be verified by construction. 

Ex. 3. If the pier be 3 ft. thick, will the structure stand ? 

Ans. It will falL 
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Ex. 4. What must be the thicknesa of the pier, so that it 
may be upon the point of overturning ? Ans. Z'Zft. 

Ex, 5. In a semi-circular arch the radius of the intrados 
is 8, that of the extrados 9*5 ft.^ and the thickness at the 
crown is 9 inches ; required the point of rupture. 

Ans. 68^ from the crown. 
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92. When the fibres of a beam are strained bejond the 
limit of cohesion they are permanently separated from each 
other, and then the beam undergoes what is called rupture. 
A beam maj be subject to four kinds- of strain. 1st, Its 
fibres may be torn asunder. Hopes, king-posts, and tie- 
beams, are exposed to this kind of strain. 2nd, It may be 
crushed. 3rd, It may be broken across, or transversely, as 
in the case of joists and beams supporting mason work. 
4th. It may be twisted, as in the axles of wheels. 

Table of the Strength of Material. 



Name of the Material. 


Spedflc Grtiriij 

or wt. 1 c. ft. 

in OS. 


Tenacity T per 
tq. ia. in lbs. 


Modulus 
ci Rupturo S. 


Ash - « - 


760 


17207 


12156 


Beech 


690 


17850 


9336 


Brass (cast) 


8399 


17968 


_- . 


Deal ( Christiania middle) 


698 


12400 


9864 


Do. Memel middle 


590 


... 


10386 


Fir (New Eni^land) - 


553 


13489 


6612 


Do. Riga - - - 


753 


12857 


7572 


Iron* (wrought, Eng.) 


7700 


25^ tons 


— 


Do. in wire ^ in. diam. 


^ m m 


36 tons 


_ 


Do. Russian ^ in. diam. 


... 


60 tons 


~. 


Iron, cast (carron. No. 2, 


• 






cold blast) 


7066 


16683 


S8556 


Oak, English 


934 


10853 


10032 


Teak - - - 


657 


15000 


14772 



Rope (hempen) 1 sq. inch in tlie section will, on an average, sustain 
6400 lbs. ; and 1 foot of this rope weighs *578 lbs. or 1 inch in circum- 
ference KM 6 lbs. 
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93. Pbob. To find tiie weight, W, neoessary to tear 
asunder the fibres of a bar, e<Mrd, or chain, the strain being 
in the direction of the fibrea. 

The weights which beams of the same kind will cany, in 
this manner, willobTioosljbein the ratio of their aectioos 3 
thns, if a beam of teak 1 sq. in. in the section just breaks 
with a load of 16000 lbs., a beam 2 sq. in. in the section will 
just break with a load of 2 times 15000 lbs. or 30000 lbs., 
and so on. Hence we have the f<^owing rule* 

Mule. Mukiplj the area of the section in inches bj the 
tenacity, T, in the table. That is, putting K for ^ area in 
inches, W = K x T. 

Note. The material maj be safely loaded with ^ the 
weight calculated to produce rnptiu^. 

Ex, 1. What weight will it take to tear asunder a piece of 
New England fir, 2 in. by 8 in. in the section ? 

Here, area section = 2 x 8 = 16 sq. in. 

By the table we find, 

The weight supported by I sq. in. =s 2S489 lbs. 

„ „ 19 sq. in. = letimes 13489= 

215824 lbs. 

Ex. 2. What weight will it take to tear asunder a square 
piece of ash 3 inches in the side ? Ans, 154863 Ihs. 

Ex. 3. What weight will it require to tear asunder a 
round rod of English wrought iron 1*25 in. in diameter ? 

Here, area of the section = 1*25^ x *7854 sq. in. 

.-. W = I-25» X -7854 x 25-5 = 31-293 tons. 

Ex. 4. The side of a square rod of English wrought iron 
is i in. what strain will it sustain ? Ana. 6f tons^ 

Ex, 5. What weight will a rope 1 J in. in diameter sus- 
tain ? Jne. 7854. lbs. 

Ex, 6, What must be the side of a square rod of New 
England fir in order to sustain 10 tons ? 

Let X = the side in inches, then x^ = the area of the 
section, 

.% Wt in lbs. to produce rapture =13489 x xK 
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Bat b/ ihe qnestion this vreight is 10 toas, or 22400 llys. 
/. 13489 x^ = 22400; and /. «= 1-288 incbes. 

Eaff. 7. What must be the breadth of a pi«ce of teak^ 
whose thickness is 2 in. to sustain a weight of 30 tons ? 

Ans. 2-24 in. 

Ex, 8. What must be the diun^er of a round rod of 
English wrought iron to sustain 50 tons? Ans, 1*58 t«. 

Ex. 9. What must be the diameter of a rope to carry a 
weight of 8 tons ? Ans, 1-88 tn« 

Ex. 10. What must be the weight necessarj to break ft 
rod of English wrought iroU 1^ sq. in. section, and 30 ft» 
long, taking the weight of the rod into account? 

Here, wt. rod = M^fQ'^JJoo ^ 150-39 ibs. 

1^4 X Id 

Total weight which the rod vriU su^ain =: If x 25*5 tons 
= 85680 lbs. 

.-. W + 150-39 = 85680; /. W~ 85529-6 lbs. 

Ex. 11. What weight of coaJs will a rope f in. diameter 
raise from a pit 200 fathoms in depth, taking the weight of 
tiie rope into account? At^. 2521 Ihs. 

Ex. 12. At what depth wiH tiie rope m the last ATnynpfe 
sustain a weight of l\; tons ? Ans. lQ7'6fL 

Ex. IZi What must be the leiigth. of a rod of English 
wrought iron so as to hseak with its own weight? 

Ahs. 17091 >L 

Belative transverse Strength ^ Beams, 

94. A beam AB is fixed with 

one end B in a wall, and loaded W[ | 

with a weight W at the extremity ZZZZZZZHH 
A ; it is required to determine the A C B | 

stress of W or its tendency to 
break the beam. 

The beam will evidently turn upon the point where it 
breaks as a fulcrum or centre of motion. Let «, therefore, 
be the distance of W from this axis, then a will be the 
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leverage of W, and consequently W x a will be the moment 
of W, or its efficacy to break the beam. Now it will ob- 
viously break at a point where W x a is greatest, but this 
will take place when a is greatest, that is, the beam will 
break close to the wall, therefore WxAB expresses the 
tendency of W to break the beam. 

95. To determine the stress on projecting beam AB 
loaded uniformly with the weight W. 

In this case the whole weight will be collected in its centre 
of gravity or middle point C ; hence the stress or tendency 
to break the beam at B will be expressed by W x C B = 
1^ W X A B, that is, it will be one half of what it would be 
if the whole load W were placed at the extremity A. 

96. A beam A B rests loosely on 

two props at A and B, and is loaded in A C B 



the middle C with a given weight W ; !__ 

it is required to determine the stress ^ W A 

atC. 

The beam will evidently break at C where the weight is 
applied. Then since the props carry equal portions of 
the weight, the pressure on B will be ^ W. But as the 
beam turns upon the rupture at C, the leverage of this pres- 
sure, tending to move the extremity B upwards, is B C, 
therefore the moment of this pressure, or its efficacy to break 
the beam =s4-WxBC = i^Wx AB, that is the stress is 
one fourth of that which would be produced if W were ap- 
plied at the extremity A, supposing the beam to have no 
support at this point. 

97. To determine the stress when the beam is loaded 
uniformly and rests loosely upon two props. 

Here the rupture will obviously take place in the middle, 
C, of the beam. As fracture takes place at C, the mass 
over A C (= i W), acting in its centre of gravity, will tend 
to turn upon A as a centre, and therefore, upon the princi- 
ple of the lever, the pressure it will produce at C will be 
i W ; in like manner the mass C B will also produce at C 
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a pressnre of J "W ; and therefore the whole pressnre, pro- 
ducing rupture at C, will be^W+^Wss^W, that is, 
in the present case, the beam will cany donble the load that 
it would carry if the weight were placed in the middle. 

Neutral Axis of Rupture. 

98. Wlien a beam is bent by a weight placed upon it, tha 
fibres nearest to the weight are compreised, while those on 
the opposite side are tttended. Kow it is clear that there 
mnat be a certain line, in the section of rupture, where the 
fibres neither uodei^o compression nor extension — thia 
line is called the neutral axis. If a piece of timber be cut 
on its compressed side, with a very fine saw, about one half 
through, that is as far as its neutral axis, then it will I>9 
found that the strength of the beam is not at all impaired. 
By this means the neutral axis in any beam may be deter- 
mined experimentally. 

In the foUowiog iuTestigations we shall assume that th« 
resistance of any fibre to compressioa is equal to its resis- 
tance to extension. 

Let n be neutral axis of a beam under- > 

going fracture by the pressure P; thea 
the fibres in the part ncz will be extended, 
while those in the part ner will be com- 
pressed. But as the resistance of exten- 
sion of any fibre through any given space 
is supposed to be equal to the resistance of 
compression of an equal fibre through the same space, it is 
obvious that the number of fibres ia the triangular space 
ncz, resisting extension, will be equal to those in the trian- 
gular space ner, resisting compression ; hence it follows 
that the line r c will bisect the line e z, and the neutral axis 
n will coincide witii the centre of gravity of the section. 
If the elasticity of extension be greater than that of com- 
pression, then the number of fibres in n e r will he greater 
than the number iance, and therefore the neuti-al axis n, in 
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this ca0e» will fall above the oen^re of gravkj of the aectiozL 
ef the beam ; mad. eo o& oonversel j. 

Tnantvene Ruisianee cf a Beam to Fradmre* 

99. The strength of a beam depends upon the resistance 
of its fibres to extension on one side of the neutral axis, and 
their resistance to compression on l^e other. Tliese forces 
tend to turn the line 2? e as a lever, on the axis n, in the same 
direction, so that they cooperate in resisting thepressoreP, 
Applied to fracture the beam. Now, from the law of elasti- 
city, th^ resistance of any fibre to extension or compression, 
as the case may be, is presumed to be in the ratio of its 
extension or compression. If, therefore, the onits in c 2; be 
tak^i for the elastic force of the fibre one inch broad al that 
place, then the extensicm opo£ any other fibre will measure 
its resistance ; but this resistance acts with the leverage o n, 
therefore the moment of the resistance will be expressed by' 
10 pxo fly and the same thing will hold true with respect to 
any other fibre. Now the sum of all these moments will be 
the moment of the whole resistance to extension, the beam 
being 1 inch broad; but this sum is obviously equal to the 
iowa of the triangle n c z multiplied by the distance of its 
centre of gravity from n, tiiat is, area nc zx^nc. But this 
will also be the resistance of compression in the triangle ner^ 
00 that the moment of the resistance to rupture will be 
expressed by 2 area nc zx^nc. 

Putting s for e Zy the resistance in lbs. opposed to the 
rupture of each square inch of the section at c ; & for the 
breadth of the beam in inches ; and d tofr the depth e r, then 
substituting these quantities in the foregoing expression, we 
have, 



Moment of resistance for 1 in.4)road = 



» » 



b inches = 



4 



€ 

If a be put for the perpendicular distance at which P acts 



fifom tbe point of mptare, then P. a will express the moment 
of tbe pressure P. Now thiese moments are eqoal when 
rupture takes place. 

.'. r.a:= —g-, and /. P = -^ ... (1.) 

In this equation P is the pressure in lbs. acting at tbe extre- 
vdtj A of a beam A B, whose length is a (See fig, to Art. 

In the preceding inyeatigation tbe elasticity of extension 
is assumed to be equal to the elasticity of compression. Now 
in timber the former is greater than the latter, whereas im 
metals the rererse is the case. Moreover the outside fibres 
of the beam attain their limit of elasticity before the fibres 
lying nearer to the neutral axis. Hence it is found that the 
s in this formula does not correctly represent the tenacity of 
a sq. in. of material. However it has been determined by 
experiment, that the strength of beams of the same material, 
Varies as the breadth multiplied by tke square of the depth 
divided by the lengthy and that the quantity «, called thd 
modulus of rupture, is a constant for beams of the same mate- 
rial. 

Collecting these results, we find the following rules for 
calculating the ultimate transverse strength of beams. 

Rules for finding the Ultiinate Transverse Strength 

of Beams. 

100. In the following rules all the dimensions are supposed 
to be in inches. 

1. When the beam is loaded at one end and fixed at the 
other, as in fig. Art. M., to find the weight necessary to 
produce rupture. 

Rule. Multiply the value of*, given in the table page 135. 
by the breadth and the square of the depth, and divide the 
product by 6 times the length, and the quotient will be the 

weight in lbs. That is, W = -^ — . 
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2. When the beam is loaded uniformlj by mason work^ 
and fixed at one end. See Art. 95. 

Hule, Take twice the weight found bj Bnle 1. 

3. When the beam is supported at' each end, and loaded in 
the middle. See Art. 96< 

Bule. Take 4 times the weight found by Rulie 1. 

4. When the beam is supported at each end, and loaded 
uniformly. See Art. 97. 

Mule. Take 8 times the weight found by Rule 1. 

5. When the beam is ^ed at each end, and loaded uni- 
formly. 

Eule. Take 12 times the weight found by Rule 1. 

JExamples, 

1. What weight will it take to break a beam of English 
oak fixed at one end and loaded at the other, the breadth 
being 3 in., the depth 9 in., and the length 12 ft. ? 

Here the tabular number s = 10032, then by Rule 1., we 
have, 

W = ^^^'IL''^' = 2821-5 lbs. 

o X 144 

2. Required the same as in the last example, when the 
beam is ash. Atis. 3418*8 lbs, 

3. Required the same as in Ex. 1., when the beam is 
beech, the breadth 2 in., the depth 6 in., and the length 8 ft. 

Ans. 1167 Ibs^ 

4. What must be the depth of the beam in Ex. 1., so that 
it may break with a weight of 705 lbs. ? 

Here, '°°^"; ^^J"^'"'' = 705. 

OX 144 

From this equality we find, x = 4*5 in. nearly. 

5. What weight will it take to break a beam of Memel, 
supported at the ends and loaded in the middle, the breadth 
being 6 in., the depth 12 in., and the length between the 
points of support 18 ft. ? 

Here the tabular number s = 10386, therefore by Rule 3., 
we have. 
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W = ^x^ws^xg^'g' = 27696 lbs. 

6. Required the same 83 in the last example, when the 
breadth is 3 in., the depth 6 in.> and the length 9 ft. 

Ans. 6924 lbs. 

7. Bequired the same as in Ex. 6.^ when the beam is 
English oak. Ans. 26752 lbs. 

8. What must be the depth of the beam, in Ex. 5., so that 
it maj just sustain a load of 30000 lbs. ? Ans, 12*49 in, 

9. What weight of brick work, uniformly distributed 
throughout a beam of New England fir, prcjecting from a 
wall, will just break it, the length of the projecting part 
being 10 ft., the breadth 3 in., and the depth 6 in. ? 

Here s = 6612, and therefore, by Bule 2., we have, 

2x6612x3x6* 3 ^ 

" 6x10x12 Jii'^www*. 

10. Bequired the same as in the last example, when the 
beam is Memel timber. Ans. 3115*8 lbs. 

11. Bequired the same as in Ex. 9., when the beam is 
English oak, the length being 12 ft, the breadth 4 in., and 
the depth 9 in. Ans. 7524 lbs, 

12. A beam of ash is supported at each end, and loaded 
uniformly, the length of the beam, between the points, of 
support is 20 ft., the breadth 4 in., and the depth 9 in.. 
What weight will break the beam? 

Here, by Bule 4,, we have, 

^ = ^^^^§7^ = 21880-8 »,. 

13. Bequired the same as in the last example, when the* 
beam is beech, the length = 18 ft., the breadth 6 in., and^ 
the depth 12 in. Ans. 49792.- 

14. What must be the depth of the beam in Ex. 12., so- 
that it may just sustain a load of 1000 lbs. for every foot in 
the length of the beam ? Atis, 8*6 in, 

15. How far may the beam, in Ex. 9., project from the 
wall when the load is 400 lbs. for every foot of length in the 
beam? Ans. 7*04 ft 
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16. What must be the breadth of the beam in Ex. 12., to 
sustain a load of 500 lbs. upon everj foot of length in the 
beam? Am. 1^92% in. 

Form of Maximum Strength* 

lOL The strength of a beam, of a given seetion, very 
much depends upon the way in which its material is distri- 
buted with respect to the neutral axis. Thos, for example, 
the substance of a beam might be cut oat from the part 
surrounding the neutral axis, without essentially impairing 
the strength ; for the fibres liiat are at the greatest distance 
from the neutral axis are those which have the greatest 
e£Blcac7 in resisting fracture. Thus a hollow cylinder is very 
much stronger than a solid one of the same section. 

A beam of cast metal, whose section has the form shown 
in the annexed figure, will be consi- ^ ^ 

derably stronger than the same mate- 
rial collected in a solid rectangle; for 
the material is here accumulated in the 
fianches D F and A B, where the re- 
sistance to fracture is most effectively I _ ^' ' ] 

D F 

exerted, that is, at the greatest dis- 
tance from the neutral axis C. If the beam resists compres- 
sion with the same force that it resists extension, the fianches 
A B and D F ought to be of the same size. But in the case 
of cast iron, the force resisting compression is more than 6 
times that resisting extension, and therefore in order that 
the beam may not give way by compression sooner than it 
gives way by ext^ision, thejianch D F mutt be six times the 
size of the Jlanch A B. By constructing iron girders on this 
principle, there is a saving of about 2^ percent, of material. 
Hr. Hodgkinson gives the following rule for finding the 
weight necessary to break beams cast on this plan : ^'Multi- 
ply the area of the section of the lower fianch by the depth 
of the beam, and divide the product by the distance between 
the two points on which the beam is supported ; this quotient 
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multiplied by 536, when tlie beams Are cast erect, and 1^ 
JS14 when they are cast horizontally, will give the breaking 
wo^t in cwta." 

Pbob. Let A B F be a beam of 
uniform breadth b, prcgecting &om a 
wall and unde^^oing a strain from 
a weight W snspended from the ex- 
tremityA; it ia required to determins 
the form of the beam, bo that it m^ 
be equally strong in every part. 

Here the tendency to rupture mnit be the same in every 
part, or in other words, the strength of any section D G must 
be a constant quanti^. Let Q be this constant quantity, 
and put x = AC, and y = D C, then by Art. Sa^ the weight 
necessary to break the beam at D C = -j^; 

.-.•|^ = Qj and /.y« = |^.x. 

This equation gives the relation between all the lines A C 
and D C which ean be drawn in the figure ; and the curve 
A D B so expressed is a parabola. Hence the best form for 
' the great beam of a steam engine is that of a parabola. 

Similarly it may be shown that the form of greatest 
strength of a beam, resting upon two props and loaded equally, 
is that <d an ellipse. 

RAILWAY CUTTINGS AND EMBANKMENTS. 

102. In order that a railway cutting or embankment may 
stand the actiqn of the weather, and other causes which tend 
to disint^rate portions from the general mass, the sides 
must have an inclination corresponding to the natural slope 
of the particular material. Thus when the material is soft 
clay, the sides must fall away t^ut 2 feet for every foot in 
ibe verticsl line, and then the slopes are said to be 2 to 1 ; 
for gravel tiie slopes may be abont 1^ to 1 ; for chalk about 
1 to 1 ; and for unstratified rock, the udes may be Tcrtical, 
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or to 1« The rertical heights of a cuttitig are usuiill/ 
taken at 1 or 2 chains apart. If we conceiTe ireiiieal s6<S-> 
tions to be made through the extreme edges of the vail, €he 
solid will be divided into three parts, — the central portion 
will be a prism, and the slopes lying on eaitsh side will, in 
general, have the form of a fmstrum of a cxmt. The fol- 
lowing sjmmetrical formula for fiiuling the content of a 
cutting, or embankment, is a useM modifieation of that 
given by Professor Moselej* 

Let g be the breadth of the rail $ a^h^e^d^ %c. the per- 
pendicular heights taken at q feet iipart ; and j9 to 1 the 
ratio of the slopes, ^en 

The content of the central part= -^ \ a+i;-f2(5 + c + rf 

f &c., > ; where a and v are the eltreme ordinates^ and b 
+ c + c? -H &c. are the intermediate ones. 
Content of the two slopes «= ^ ■{ («+^)'+(*-t-«)*+(ff + 

cf)2+&c — (a6+^c-hc(f-f- &c.) I 

Ex, 1. Required the solid content of a cutting ot embank** 

ment, whose heightj taken at 1 chain apart, are 6> ^, 4, 5, 7, 

, and 2 feet ; the width of the rail 80 A;., and the slope 3 to 1. 

Am. 67782 e.ft. 

Content of the central part = ^^|-^|6+2+2(3-h4+5 

+7).} 

Content of the slopes = ^^ | (6 + 3)«+ (3 + 4)*+(4 + 
6)»+(5 + 7)»+(7+2)«-(6x8 + 8x4 + 4x6 + 6x7 + 7x 



2)} 



Ex. 2. The heights taken at 2 chains apart, are 4, 5, 7, 3 
6, and feet ; the width of the rail is 32 ft*, and the slopes 
are 3 to 1 ; required the content of the cutting. 

Ans. 143088 cfL 
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Ex* 3. Required the content of an embankment, whose 
heights, taken at 1 chain apart, are 0, 3, 9, 2, 1, and feet ; 
the width of the rail d(^ and the slopes 2 to 1. 

Ans. 40128 eft. 

Ex, 4 Required the content of a cutting} whose heights^ 
taken at 2 chains apart, are 9, 1 1, 12, 8, 22, and 6 ft. ; width 
of the rail 80 ffc., and slopes 1^ to 1. An$. 870370 cfi. 

Ex. 5. The heights taken at 2 chains apart^ are 5, 6, and 
4 ft., the width of the rail 30 ft^ and the slopes 2 to 1 ; 
required the content. Ans. 56276 c./t 

Ex. 6. The heights taken at 2 chains apart, are 0, 10, 30, 
40, ft., the width of the rail 30 ft., and the slopes 4 to 1. 

Arts. 1496000 c/f. 

Ex. 7. If an engine transport the material in the last 
example to the mean distance of 5 miles with the speed of 10 
miles per hour with a full load of 400 c. ft., and returns with 
the empty waggons with the speed of 20 miles ; how many 
men of each sort will it take to keep the engine at work, and 
what will be the cost of the excavation (exclusive of that of 
the engine) allowing each w<»rkman 3«. per day of 10 hours, 
and that the material requires 2 pickmen to 8 shovellers ? 
Ans. lOf shovellers, 7^ pickmen, and cost = £748. 

Ex. 8. Required the cost, &c., as in the last example, when 
the heights of the cutting taken at 1 chain apart, are 0, 20/ 
30, 60, 40, and ft., the width of the rail 30 ft., and the 
slopes 1 to L Ans. Content of the cutting = 688600 c. ft, 
and cost = £344. Gs. Od. 
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EXAMPLES FOR PUPILS. 

The number prefixed to each set of examples refers to the 
article in the text, where the principle, inyolved in the 
questions, is explained. 

2. 

1. Required the work in raising 7 lbs. to the height of 15 ft. 

Ans. 105. 

2. What work wiU it take to raise 3 cwts. to the height 
of 5 ft.? Ans. 1680. 

3. What work will it take to raise a cubic foot of water to 
the height of 36 ft ? Am. 2250. 

4. If the height be 24 ft., what will then be the work ? 

Ans. 1500. 

5. To what height must I raise 7 lbs. so as to perform 35 
units of work ? Ans. 5 ft 

6. What work will it take to raise 6 ft. of water to the 
height of 8 ft. ? Ans. 3000. 

3. 

1. What must be the H. P. of an engine to pump 87 ft of 
water per min., from the depth of 60 fathoms ? Ans. 59*3. 

2. If the depth be 25 fathoms, what will then be the H.P. ? 

Ans. 24-7. 

3. How many feet of water, will an engine of 50 H. P., 
arise per min., from a depth of 90 fathoms ? Ans. 48*8. 

4. If the H. P. be 10, how many feet of water will then be 
raised? Ans. 9*7. 

0. How many tons of coals will an engine of 3 H. P. raise 
per hour, from a pit whose depth is 120 fathoms ? Ans. 3*6. 

6. If the depth of the pit be 180 fathoms, how many tons 
of coals will then be raised ? Ans. 2*4. 

7. What must be the H. P. of an engine in order to raise 
14 tons of coals per hour, from a pit, whose depth is 80 
fathoms? Ans. 7'6, 

8. If the depth be 60 fathoms, what will then be the H. P. ? 

Ans. 57 
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9. From what depths will an engine of 20 H. P. pump 
40 ft. of water per min. Ans. 4^Ju* 

10. If the H. P. be 15, what will then be the depth ? 

Ans^ 33 /a 

11. In what time will an engine of 40 effective H. P- 
pump 4000 ft. of water to mean height of 60 fathomd ? 

Ans. lA. 8m. 

12. If the mean height be 15 fathoms, what will then be 
the time ? Aru, 17 tnin^ 
. 13. A winding engine is observed to raise a tub of coala^ 
weighing 4 cwts., in 4 min. from a pit whose depth is 80 
fathoms ; required the H. P. of the engine. Ans. 1*6. 

14. If the depth be 100 fathoms, what will then be the 
H.P.? Ansy^2. 

8. 

1. How many sacks of flour, each weighing 2^ cwts., will 
a man carry on his back, in a day of 6 hours, to the height 
of 30 ft. ? Ans. 48. See table, page 9. 

2. K the height be 25 ft., how many sacks will he then 
carry ? Ans. 58 nearly. 

3. In what time will a labourer throw 1692 c ft. of earth, 
to the mean height of 5 ft., allowing 100 lbs. for the weight 
of each cubic foot ? Ans, 3 days, 

4. If there are 5076 c. ft. of earth, what will then be the 
time ? Ans. 9 dai/s. 

5. How many tons of coals will a man, turning a handle 
as in the windlass, raise in a day of 8 hours, from a pit whose 
depth is 20 fathoms ? Ans, 4*6. 

6. If the depth of the pit be 28 fathoms, how many tons 
will he then raise ? Ans, 3*3. 

7. If the man, in Ex. 5., works with a cord and pulley, how 
many tons will he then raise ? Ans. 2*09, 

8. In what time will a man pump 400 c. ft. of water to the 
mean height of 30 ft., allowing that he can perform, in this 
case^ 2600 units of work per min. ? Ans. 4 A. 48mtn. 

H 3 
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9. If the mean height be 10 ft., what time will he then 
take ? Ans. 1 A. 36. min. 

10. How many feet of water will the man, in Ex. 8., 
pnmp in a day of 8 hours from the depth of 20 fathoms ? 

Ans. 166-4. 

1 1. A ram weighs 5 ewts. and has a mean fall of 12 ft., how 
many strokes will 2 men, working with a handle, give to the 
ram in a day of 8 hoars ? Ans. 371 *4. 

12. If the mean height of the &11 be 16 ft, how many 
strokes wiU then be given ? Ans. 278*5. 

7. 

1. What pressure would just move a train of 45 tons on a 
railway whose friction is 6 lbs. per ton ? Ans. 270. 

2. What work will be due to friction in moving this train 
over the space of 9 fib. ? Ans. 2430. 

3. A train of 80 tons moves at the uniform speed of 20 
miles per hour, on a level rail whose friction is 6 lbs. per ton ; 
required the H. P. due to friction. Ans. 25*6. 

4. If the weight of the train be 60 tons, what will then be 
theH.P.? Ans. 192. 

5. Required the H. P., when the weight of the train is 
100 tons, the speed 15 miles, and the friction 7 lbs. per ton. 

Ans. 28. 

6. If the friction be taken at 5^ lbs. per ton, what will then 
be the H. P. ? Ans. 22. 

7. When the H. P. of an engine is 30, the speed 40 miles, 
and the friction 7 lbs. per ton, what must be the weight of the 
train ? Ans. 40*1 tons. 

8. If the H. P. be 25, what will then be the weight of the 
train? Ans. S3'4tons. 

9. At what rate, in miles per hour, will a train of 80 tons bo 
drawn by an engine of 70 H. P., when the friction is taken at 
6 lbs. per ton, the resistance of the atmosphere being neg- 
lected? Ans. 54'6 miles. 

10. If the weight of the train be 100 tons, what will then 
be the speed? Ans. 43*75 miles. 
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11. Whtt mil be the q>eed, when the weight of the train 
» 120 ixmsy the H. P. = 60, and the friction 6 Iba. per ton ? 

Ans, 31*25 mt7e«. 

12. If the friction of the rail he taken at 8 lbs. per ton, 
what mil th^he the mflxiipiim speed ? Ans. 23*4 miles, 

13. In what time will an engine of 100 H. P., moving a 
train of 90 tonm ooiaplete a jonmej of 60 miles, supposing 
the fiiction to be 7 lbs. per ton ? Ans» 1*34 hours, 

14. If the weight ot the train he 45 tons, what will then be 
the time ? Ans, *67 hours, 

|5. If a horse draw a load of 1 ton to the distance of 
360 flk.t on a road whose fiction is ^ of the load, what work 
will he do ? Ans, 2912a 

16. J£ the coefficient of faction be ^ what work will 
ihenbedone? Ans, 19413. 

9. 

1. Required the H. P. of an engine to eut 4000 sq. ft. of 
pak planking in a daj of 10 hoyrs long. Ans, 5*8. 

2. If there are 5000 sq. ft., how many H. P. will then be 
required? Ans. 7*3. 

3. How many fL of plank will an engine of 3 H. P. cut in 
a day of 12 hours long ? Ans, 2467 

4. If the engine works for 10 hours per day, how many ft. 
will then be cut ? Ans, 2048. 

5 In what time will an engine of 9 H. P. cut 6000 sq. ft. 
pf oak timber? Ans, 9'76 hours. 

6. Required the time when the H. P. = 10. 

Ans. 8*78 hours, 

1, If a train of 60 tons moves up a gradient, having a rise 
of 1 foot in 100 fL with the uniform speed of 20 miles per 
hour, what will be the H. P. due to gravity alone ? 

Ans. 71*6. 

2. Required the H« P., wh^ ib^ /qpeed i^ 15 miles. 

Ans. 53*7. 

 4 
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3. K the friction of rail, in Ex. 1., be 6 lbs. per ton, wbat 
will be the H. P. due to friction and gravity ? Ans, 90*8. 

4. A train of 75 tons ascends an incline, having a rise of 
j- in 100, with the nniform speed of 40 miles per hour, what 
is the H. P. due to friction and gravity, assuming the frictioii 
to be 6 lbs. per ton ? Ans. 70'4. 

5. If the rise be ^ in 100, what will then be the H. P. ? 

Ans. 107*7. 

6. Required the H. P., in Ex. 4., when tiie train descends 
the incline ? Ans. 25*6. 

7. A train of 75 tons descends a gradient, having a rise 
of -|- in 100, with the uniform speed of 50 miles per hour, 
what must be the H. P., assuming friction to be 7 lbs. per 
ton? Afu. 42. 

8. What will be the H. P., when the rise of the rail is ^ in 
100? Ans. 14. 

9. What must be the H. P. in the last example, when the 
train ascends the incline ? Ans. 126. 

10. If the weight of the train in Ex. 7., be 60 tons, what 
will then be the H. P. ? Ans. 33-6. 

11. What work will a horse perform in drawing 24 cwts. 
up a hill of 1 mile, and having a rise of 2 in 100, when the 
friction of the road is -^ of the load ? Ans. 1466572. 

12. What will be the work when the load is 16 cwts. ? 

Ans. 977715. 
13. 

1. Fifty thousand c. ft. are to be conveyed to the horizontal 
distance of 720 ft. ; the material requires 1 pickman to 3 
shovellers; required the cost, allowing the shovellers and 
barrowmen Zs. each per day, and the pickmen Zs. 4d. 

Ans. i^llO. lls.l{d. 

2. What will be the cost, when there are 30,000 c. ft. of 
earth ? Ans. £66. 6s. Sd. 

3. Required the cost in Ex. 1., when the earth is first to be 
raised by ramps to the mean height of 8 ft. 

Ans. £128. Us.Hd. 
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4. An excavation is to be mado 200 ft, long, 40 ft. broad, 
and 25 ft* high ; the material is to be transported by means 
of barrows, to the mean horizontal distance of 480 ft. ; the 
material requires 4 pickmen to 3 shovellers ; what will be the 
cost, allowing 2$. dd. per daj for each labourer ? 

Ans. £816. Ids. 4d. 

5. Required the cost, when there are 80,000 c. ft. of 
eartk Ans. £126. ISs. 4d. 
' 6. Required the cost, when the content of the earth = 
200^000 c. ft., the mean distance = 380 ft., the wages of 
each labourer = 2s. 6dm per daj, and 3 pickmen are required 
to 2 shovellers. . Am. £283. 6s. Sd 

7. If the content of the earth = 5000 c. ft., what will then 
be the cost ? Ans, £7. Is. 8d 

. 8. How many men of each sort will it take to complete 
the excavation of £x. 4. in 40 days ? 

Ans* 10 shovellers, 40 barrowmen, and 13J- pickmen. 
. 9. What will be the cost, in Ex. 4., when the length of 
the excavation is 140 ft. ? Ans. £221. I3s. Ad 

10. 200,000 c ft. of earth is first to be raised to the mean 
height of 13 ft. by means of ramps, and then conveyed to the 
horizontal distance of 480 ft.; required the cost, when the 
material requires 4 pickmen to 3 shovellers, and the wages 
of each labourer is 2s. 6d. per day. Atis. £414. Zs. 4d 

11. 90,000 c ft. of earth are to be raised to the mean 
height of 10 ft by means of ramps ; how many men will it 
take to complete the work in 20 days, supposing the mate- 
rial to take 3 pickmen to 5 shovellers. Ans* 27*9. 

12. If there are 60 000 c ft. of earth, how many men will 
then be required? Ans. 18*6. 

14. 
I. It has been found that the total resistance of the air to 
a train of 8 coaches is 50 lbs. when the train moves at 10 
miles per hour. Required the H. P. due to the resistance of 
ihe air alone, when the train moves at the rate of 40 miles. 

Ans. 85*3 
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2. If the train moves at the rate of 20 miles, what will 
then be the H. P. ? Ans. 10*6. 

3. The resistance of the air to a train of fonr coaches is 
15 lbs., when the train moves at the rate of 10 miles, the 
weight of the train is 20 tons, the friction 6 lbs. per ton, and 
the speed 20 miles ; required the H. P. Ans, 9*6. 

4. If the speed be 30 miles, what will then be the H. P. ? 

Ans, 204« 

5. A train of 90 tons moves upon a level rail, whose fric- 
tion is 6^ lbs. per ton, wil^ the uniform speed of 40 miles 
per hour. Now the resistance of the air to a train of this 
length is 40 lbs. when the speed is 10 miles. Bequired the 
H. P. of the engine. Ans. 130-6. 

6. If the speed in the last example be 50 miles, what will 
tien be the H. P. ? Ans. 211. 

7. Bequired the H. P., as in Ex. 5., taking the weight of 
Ihe train s= 60 tons, the friction = 6 lbs., the speed = 60 
miles, and the resistance of the air sb 35 lbs. Ans. 259. 

8. What must be the H. P. of the engine, when the 
weight of the train b 70 tons, the friction sr 6 lbs. per ton, 
the speed = 30 miles, and the -trun undergoes a total atmo- 
spheric resistance of 400 lbs. at this speed ? Ans. 65*6. 

15. 

1. How many cubic feet of water will an engine of 8 H. P. 
raise per hour, from a pit whose depth is 160 fathoms, sup- 
posing the modulus of the pump to be f ? Ans. 1?6. 

2. If the depth of the pit be 200 fathoms, how many culne 
feet of water will then be raised ? Ans. 140*8. 

3. What must be the effective H. P. of the engine, work- 
ing the pump in Ex. 1., so as to raise 2'2 c fk. of water per 
min. ? Ans. 6. 

4. If the water raised per min. be 1*65, what must then 
be the effective H. P. ? Ans. 4*5. 

5. In what time will the engine in Ex 1. pump 44 c ft. 
of water ? Ans. 15 mtii* 
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6. What must be the effectiye H. P. of an engine working 
for 8 hours per day, to supply 800 £unilies with 20 c. ft of 
water each per day, supposing the water to be raised to the 
mean height of GO ft., and the modulus of the pump to be f ? 

Ans. 5*68. 

7. K water supplied to each be 9 c. ft., what must then 
be the H. P. ? Ans. 26. 

17. 

1. The height oi a waterfall is 20 ft, and 200 c. ft. of 
water go over the fail erery minute, what will be the H. P. 
of the water whe<el whode modulus is f ? Ans. 5. 

2. If 80 c. ft. descend upon the wheel per min., what will 
then be the H. P. ? Ans. 2. 

3. The breadth of a waterfall is 2 ft., the depth 1 ft., the 
mean velocity at this part 50 ft. per min., and the height of 
the fall 16 ft., required the H. P. of the water wheel sup- 
posing it to take up all l^e work in the water ? Ans. 3*03. 

4. If the mean velocity be 40 ft., what will then be the 
H. P.? Ans. 2-4. 

5. If the modulus of the wheel in Ex. 3. be ^, what will 
then be the H. P. ? Ans. 1*8. 

6. The breadth of a stream is 3 fi, the depth 2 ft, the 
velocity 40 ft per min. and the height of the fall 10 ft. ; 
what will be the H. P. of the water wheel which does ^ of 
the work applied to it ? Ans. 2*7. 

7. If the height of the fall be 8 ft., what will then be the 
H. P.? Am. 2-1. 

8. The breadth of a stream is 4 ft, the depth 3 ft., the 
mean velocity 1*5 ft per sec, and the height of the fall 9 ft.; 
required the H. P. of the water wheel whose modulus is *68. 

Ans. 12*5. 

9. If the mean velocity be '5 ft per sec, what will then 
be the H. P. ? Ans. 4-1. 

22 and 23. 
1. The area of the piston of a steam engine is 500 sq. in., 
the mean effective pressure of the steam upon each inch of 
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the piston 30 lbs., the length of the stroke 8 ft., and the 
number of strokes performed per min. 20; required the 
H. P. Ans. 72-7. 

2. If the mean pressure of the steam be 20 lbs., what will 
then be the H. P. ? Ans. 48-4. 

3. What must be the mean effective pressure of the steam, 
in Ex. 1., so that the H. P. may be 24 ? 

Ans. 10 lbs. nearly. 

4. The area of the piston of a steam engine is 2800 sq. in., 
the effective pressure upon each inch of the piston 9 ]bs., the 
length of the stroke 7*9 ft., and th^ number of strokes per 
min. 11*5 ; required the H. P. Ans. 69*3. 

5. If the area of the piston be 700 sq. in., the number of 
strokes per min. 23, what will then be the H. P. ? 

Ans. 34-6, 

6. The area of the piston of a steam engine is 6000 sq. in., 
the length of the stroke 10 ft., what must be the effective 
pressure of the steam per in., so as to give 8 strokes per 
minute to the piston, or plunger, of a pump, whose section is 
9 sq. ft., and stroke 10 ft., the height to which the water is 
raised being 108 ft. ? Ans. 12*15 lbs* 

7. Required the useful H. P. in the last example. 

Ans. 147. 

8. The H. P. of an engine = 20, area of the piston = 300 
sq. in., length of the stroke = 10 ft., number of strokes per 
min. = 12 ; what must be the mean pressure of the steam, 
allowing that 2 lbs. per sq. in. are necessary to overcome the 
resistance of friction ? Ans. 20^ lbs. 

9. If the H. P. be 15, and the length of the stroke 5 ft, 
what will then be the pressure ? Ans. 29*5 lbs. 

10. The area of the piston of a high pressure engine is 
400 in.> length of the stroke 3 ft, pressure of the steam 
45 lbs., number of strokes per min. 18, resistance of friction 
and the atmosphere on each inch of the piston 18 lbs. ; re- 
quired the useful H. P., and the water evaporated per min. 
Ans. H. P. = 17*67 ; water evaporated = '246 c. ft nearly. 
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11. Bequired the same as in tlie last example, when the 
pressure of the steam is 48 lbs* 

Ans, H. P. = 19'6 ; water evaporated = '26 eft* 

12. K 1 bushel of coals evaporates 11 '5 c. ft. of water, 
what is the duty of the engine in Ex. 10. ? 

Ans, 27 millions. 

13. Required the duty of the engine in Ex. 11. 

Ans, 28 miL 
28. 

1. In a lever of the first kind, the long arm is 2 ft., the 
short arm 3 in., what must be the power to balance a weight 
of 64 lbs. ? Ans. 8 lbs. 

2. What must be the power when the weight is 16 lbs. ? 

Ans, 2 lbs, 

3. What wiU be the weight in Ex. 1., when the power is 
14 lbs? ' Ans, 1 ctDt 

4. How far from the fulcrum must a power of 7 lbs. be 
applied so as to balance a weight of 126 lbs. placed at the 
distance of 2 in. from the fulcrum ? Ans, 3 ft, 

5. If the power be 6 lbs., what will then be the distance ? 

Ans. 42 in, 

6. In the handle of a common pump, the piston rod is 
placed at 3 in. frcxn the fulcrum, a power of 60 lbs. is applied 
at the distance of 30 in. from the fulcrum ; what will be the 
force lifting the piston ? Ans, 600 lbs, 

7. If the power be 47 lbs., what will then be the force ? 

Ans, 470 lbs. 

8. In the great beam of a steam engine, the arm by which 
the steam acts is 10 ft., and that to which the pump rod is 
attached 9 ft. ^ if the pressure of the steam upon the piston 
be 2 tons, what pressure will be produced upon the plunger 
of the pump ? Ans. 25 tOTis. 

9. If the arm of the pump rod be 8 ft., what will then be 
the pressure on the plunger ? Ans. 2^ tans, 

10. What must be the length of the lever of a safety valve 
(see ^g. page 63.) when W = 20 lbs., wt. valve = 6 lbs., V F 
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= 2 in., section of the yalre = 4 in., pressure of steam s= 

50 lbs., the weight of the lever being neglected ? Ans. 19*4 £»• 

1 1. If the pressure of the steam is onlj required at 30 lbs., 

what must then be the length of the lever ? An$. 11*7 m. 

3& 

1. In a wheel and axle, the radius of the wheel is 20 in., 
and that of the axle 4 in. ; if the power applied be 70 Ibs.^ 
what must be the weight ? Ans. 350 lbs. 

2. If the radius of the axle be 3 in., what will then be the 
weight? Ans, 466f /6*. 

3. What power must be applied, in Ex. 1., in order to sup- 
port a weight of 400 lbs. ? Ans, 80. lbs, 

4. The handle of a windlass is 2 ft., what must be the radius 
of the axle, so that a man exerting a pressure of 60 lbs. upon 
the handle, may raise a tub of coals weighing 4 cwts. ? 

Ans, 3*2 in. 

5. K the length of the handle be 20 in., what must then 
be the radius of the axle ? Ans* 2*6 in. 

39. 

1. The diameter of the large axle, of a compound wheel 
and axle, is ^ fi., that of the small one -}- ft., the length of 
the handle 2 ft, and the weight raised 800 lbs. Kequired 
the power. Ans, 37*5 lbs* 

2. If the diameter of the small axle be f ft., what will then 
be the power ? Ans, 12*5 lbs, 

3. If the diameter of the large axle, in Ex. 1., be i ft.» 
what will then be the power ? Ans, 12*5 lbs, 

4. If the power, in Ex. 1., be 75 lbs., what will be the 
weight? Ans, 1600 lbs, 

41. 

1. If there are 3 moveable pulleys (see ^g. page 75.), re- 
quired P, when W =: 16 lbs. Ans, 2 lbs, 

2. Bequired P, when there are 4 moveable pull^s. Ans, 1 lb, 

3. Let there be 1 moveable pulley, weighing 4 lbs. ; re- 
quired P when W = 180 lbs. Ans, 92 lbs. 



EXAMPLES FOTC PUPILS. 169 

4. When there are 2 moveable pulleys, what will then be 
the power ? An$. 48 lbs* 



1. The lefigth of an inclined plane is 80 ft., height 2 ft., 
the weight of the body 2 tons ; what pressure will be required 
to sustain the body on the plane, friction being neglected ? 

Ans, 1 cwt 

2. If the hdght of the plane be 3 ft. ; what will then be 
the pressure ? * Ans, 1^ cwts. 

3. If the friction in Ex. 1. be ^ of the load ; what must 
be the pressure to move the body up the plane ? 

Ans. 261^ lbs. 

4. If the friction be ^ of the load^ what will then be the 
pressure i Ans, 3 cwts. 

44 and 45. 

1. The lever of a simple screw is 3 ft. long, the thickness 
of the threads ^ in., and the pressure applied to the lever 60 
lbs. ; required the pressure on the press board, friction being 
neglected. Ans. 12*1 tons. 

2. When the lever is 2 ft, and the thickness of the threads 
J in., what will then be the pressure ? Ans. 5*3 tons. 

3. If the thickness of the threads in Ex. 1. be f in., what 
will then be the pressure ? Ans. 9 tons. 

4. In a compound screw, the length of the lever is 3 ft., 
the distance between the threads of the large screw ^ in., 
and that of the small one |- in. ; if 60 lbs. be applied to the 
extremity of the lever, what will be the pressure produced 
on the press board? Ans. 84*8 tons. 

5. If the distance between the threads of the small screw 
be -I in., and the power applied 20 lbs., what will then be the 
pressure? Ans. 16*1 tons. 

6« What is the advantage of pressure, in Ex. 4. ? Ans. 3165 

47. 

1. The area of the small pkton of a hydrostatic press is 
1 sq. in.y and that of the large one 200 sq. in., the lever is 30 
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in. long, and the piston rod is placed at 2 in. from the fulcrum ; 
if a pressure of 56 lbs. be applied to the lever, what pressure 
will be produced upon the large piston ? Ans, 75 tons. 

2. If the area of .the large piston be 40 sq. in., what will 
then be the pressure ? Ans, 15 tans, 

3. If the surfaces of the pistons in Ex. 1. be ^ and 40O 
sq. in., respectively, what will then be the pressure? 

Ans, 225 tons. 

BO and 52. 

1. What velocity will a falling body have at the end of 
5 seconds? Ans. 160^ fi. 

2. What velocity will a body acquire in 2 sec. ? Ans. 645^^. 

3. In what time wiU a falling body acquire a velocity of 
193 ft. ? Ans. 6 sec. 

4. In what time will a body acquire a velocity of 386 ft. ? 

Ans. 12 sec, 

5. A stone was 2 seconds in falling from the top of a tower ; 
what is its height ? Ans. e^ft. 

6. From what height will a body fall in 5 sec? Ans. 402 ft. 

7. If a body be projected upwards with a velocity of 96^ ft. ; 
to what height will it go ? Ans. 144|/lf. 

8. To what height wiU it ascend in 2 sec. ? Ans. 128^^^. 

9. A body has a velocity of 193 ft, from what height must 
it fall to acquire this velocity? Ajis. 579ft. 

10. K the weight of the body in the last example be 8 lbs. ; 
required the work accumulated in it. Ans. 4632. 

11. Abody weighing 4 lbs. has a velocity of 386 ft per sec. ; 
how many units of work had been done upon it ? Ans. 9264. 

70 and 7L 

1. Let O H = 6 ft, O A = 3 ft., (see fig. page 110.) and 
the weight of the gate = 4 cwts. ; required the pressure upon 
the pin O. Ans. 5*6 cwts. 

2. If the weight of the gate be 3 cwts., what will then be 
the pressure ? Ans. 4*2 etoii 
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3. If the height O A of the gate, in Ex. 1., be 5 ft., what 
will then be the pressure ? Ans. 4*6 cwts. 

4. Let 0R=5 ft, (see fig. page 111.) O V= 2 ft., R P = 

3 ft., length of the pier = 1 ft., weight of a c. ft. of the mate- 
rial = 120 lbs., P = 3000 lbs., and its direction 45*=* inclined 
to the horizon ; wiU the pier stand or fall ? Ans, It will stand. 

5. Required P so that the pier maj be upon the point of 
overturning. Ans, 3400 lbs, 

6. Will the pier, in Ex. 4., stand when the direction of P 
is 30°? ^iM. It will fall 

76 and 7a 

1. Required the pressure on a fiood-gate, whose breadth is 
10 ft., and depth 6 ft. Ans, 11250 lbs, 

2. If the depth be 9 ft., what then will be l^e pressure ? 

Ans. 25312 lbs. 

3. How far from the bottom wiU the whole pressure in 
Ex. 1. act? Ans, 2 ft. 

4. The height of a rectangular embankment is 9 ft., the 
thickness 4 ft., and the weight of a c. ft of ^e material 
120 lbs. ; will the embankment stand or fall when the water 
is at the brim ? Ans. It will stand. 

5. Will it stand or fall when the thickness is 3 ft. ? 

Ans, It will fall. 

82. 

1. What load will just sink a barge which is 10 ft. long, 

4 ft broad, and 3 ft. deep, outside measure, and the thickness 
of the planking 2 inches, and the weight of a c. ft of timber 
50 lbs. ? Ans. 2*9 tons. 

2. How far would the barge, in the last example, sink with 
a load of 2 tons ? Ans, 2*18 ft. 
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MISCELLANEOUS EXAMPLES, 



1. What will be the H. P. of an engine which performs 
17894000 units of work per hour ? Ans. 9-03. 

2. How manj cubic feet of water will an engine of 7 H. P. 
pump per hour, to the height of 100 ft., supposing -}- of the 
work to be destroyed by friction, &c. ? Ans, 1478*4. 

3- How many strokes per min. will an engine of 80 effec- 
tive H. P., give to the piston of a pump whose area is 2 sq. ft., 
length of each stroke 6 ft., and the height to which the water 
is raised 60 fathoms ? An$, 1 1*7. 

4. The shaft of a pit is to be sunk 40 fathoms, its section 
contains 30 sq. ft., how many units of work will it take to 
raise the material, supposing each c. ft. to weigh 100 lbs. ? 

Ans. 86400000. 

5. If the depth be 5 fathoms, what will then be the work? 

Ans. 1350000. 

6. A wall is 40 ft. long, 20 ft. high, and 3 fL thick ; re- 
quired the work in raising the material, supposing each c. ft. 
to weigh 120 lbs. Ans. 2880000. 

7. A cistern is 12 ft. long, 6 ft. broad, and 10 ft. deep, how 
much work will it take to fill the cistern with water, when the 
bottom is 30 ft. from the level of the water in the well ? 

Ans. 1575000. 

8. If the depth of the cistern be 12 fL, what will then be 
the work ? Ans. 1944000. 

9. If the cistern, in Ex. 7., is to be filled 3 times every 
hour, how many H. P. will it take to do it ? Ans. 2*38. 

10. A horse turns a whim gin, and exerts a traction of 
160 lbs. ; how many revolutions will he make per min,, whea 
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he moves in a circle whose diameter is 20 ft., allowing that he 
does 22000 units of work per minute ? Am. 2*18 

11. The weights of two bodies P and W are 4 and 8 lbs. 
respectiyelj, and the distance apart 15 in.; required the dis- 
tance of the centre of gravity from W. Ans. 5 in, 

12. Bequired the same as in the last example, when the 
weight of P is 2 lbs. Am. din. 
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